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ABSTRACT 
Essays on Inflation Targeting, Price Stability and The Conduct of Monetary Policy 
Under Imperfect Credibility 
by Anamaria Nicolae 
The main aim of this thesis is to study the impact of lack of credibility in a transition to 
price stability on both, the behaviour of the output and the optimal speed of disinflation. 
The analysis takes place in an environment where the supply-side of the economy is 
characterized by monopolistically competitive firms, and where there is rigidity in the 
setting of prices. The effects of a disinflationary monetary policy are studied when 
policy makers are committed to price stability in the strict sense of achieving and 
maintaining a constant price-level. However, an expectation updating rule that 
incorporate a more flexible way of modelling the evolution of agent's priors then 
previously done in the literature has been employed. 
Previous work by Ball (1994) and Ireland (1997) identifies the "disinflationary booms" 
which accompany a disinflation program. They explain their appearance as due to 
imperfect credibility. In this thesis it is demonstrated that the "disinflationary booms" 
may or may not disappear in an environment with imperfect credibility, depending on 
the speed of learning relative to the speed of disinflation. Regarding the optimal speed 
of disinflation, this thesis suggests that in both cases of perfect and imperfect credibility 
big inflations should be stopped rapidly. On the other hand, in the case of imperfect 
credibility, for small inflations, the speed of disinflation decreases in comparison to the 
case of perfect foresight. Also, once inflation has risen substantially, imperfect 
credibility makes sizeable output losses in the transition to price stability highly likely 
even when the speed of disinflation is 'optimal'. 
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The material contained in this thesis has not been previously submitted for a degree in 
this or any other university. 
The copyright of this thesis rests with the author. No quotation from it should be 
published in any format, including electronic and the Internet, without the author's prior 
written consent. All information derived from this thesis must be acknowledged 
appropriately. 
Work from this thesis is forthcoming in Nicolae and Nolan, "The Impact of Imperfect 
Credibility in a Transition to Price Stability", Journal of Money, Credit and Banking. 
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Chapter 1 
Introduction 
The purpose of this thesis is twofold. First, it aims to present how the problem of 
imperfect credibility (Kydland and Prescott, 1977 and Barro and Gordon, 1983) has 
been tackled by the implementation of inflation targeting. The motivation stems from 
the work of Woodford (1999), Cali (2000), Svensson (2000,2003) which states that the 
success of the monetary policy depends on the credibility of monetary authority that 
pursues it. Second, it aims to extend the study of the conduct of monetary policy in a 
transition to price stability under conditions of imperfect credibility. 
The first aim is addressed in the second chapter of the thesis. This chapter reviews 
the literature on monetary policy rules, inflation targeting and imperfect credibility. 
My literature review draws on the work of Taylor (1993,1999,2000), McCallum (1987, 
1995,1999), Ball (2000) and King (1999). All these papers have a common theme. They 
argue for the efficiency of policy rules in improving economic performance. However, 
no rule describes how policy should be generally set. Therefore, some discretion is 
inevitable and as King (1999) states, this discretion must be led or constrained by a 
clear objective. With this perspective I move on to study inflation targeting which is 
the central part of the literature review. The presentation of the main achievements of 
inflation targeting is followed by a description of the frameworks of inflation targeting 
including both the institutional and the operational frameworks. 
The costs of a disinflation are generally believed to depend on the credibility of 
the central bank's commitment to the new lower inflation target'. Therefore, I present 
some of the important recent contributions regarding the conduct of a disinflationary 
monetary policy in a New Keynesian setting, where the supply-side of the economy is 
IAntulio and Rudebusch (2000). 
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characterized by monopolistically competitive firms, and where there is rigidity in the 
setting of prices. 
For the purpose of the second aim of this thesis, three broad results stand out from 
the reviewed literature concerning the effects of a monetary contraction in such an 
environment. First, in periods following a contraction in the money stock, real output 
is likely to fall below its long-run equilibrium level, now altered. Second, a gradual 
disinflation may actually result in output, after its initial decline, rising above its new 
steady-state level and remaining there for some time. Third, it is optimal to end high 
inflations quickly while low inflations are best ended gradually, and also to maintain 
inflation at or near zero thereafter. The key papers that develop these results are due 
to Ball (1994), Ireland (1997), King and Wolman (1999) and Khan, King and Wolman 
(2002). 
The theoretical papers addressing these issues and many others besides, assume 
perfect foresight (or rational expectations). For some purposes this assumption is 
obviously appropriate, indeed, what other assumption makes sense when one wishes to 
analyse an economic model in, or in a close neighbourhood of, an unchanging steady 
state? However, the assumption of perfect foresight may be less attractive when one 
wishes to analyse the effects of `large' changes in policy. The steady state of the model 
may well be changing and in addition, policymakers may not enjoy complete credibility. 
This thesis extends the examination of the effects of a disinflationary monetary policy 
when policymakers initially do not enjoy complete credibility and where the steady 
state of the economy is changing. 
The idea of introducing imperfect credibility into a New Keynesian settings is not 
new. For example, in Ball's (1995) model, agents harbour a suspicion that the author- 
ities will renege and give up on the path of disinflation. He models agents scepticism 
as a constant conditional probability of reneging. This may be a rigid way of mod- 
elling the evolution of agents' priors. This is due to the fact that as the disinflation 
proceeds, agents may accord increasing weight to the announced path for the money 
supply. However, as the disinflation proceeds, the extent of nominal rigidity in the 
economy also optimally rises. Therefore, the authorities may be more likely to renege 
(to exploit the Phillips curve). My thesis argues that both these cases are intuitively 
plausible. Therefore, I propose an `expectation updating rule' that nests both these 
12 
alternatives. I model this time improving credibility by introducing a way to capture 
the fact that the probability mass which characterizes the agent's subjective expecta- 
tions is evolving over time towards the central's bank announced path of the money 
supply. Moreover, in this thesis, this movement can take place in three different ways, 
each of them capturing different paths of the evolution of private sector willingness to 
believe the government's announcement about the money supply after the change in 
policy. This evolution is seen as some form of learning. 
My thesis also draws on Ireland (1995) who also finds that higher output losses are 
the price of imperfect credibility during a period of disinflation. Again, like Ball, his 
modelling of expectations formation is not flexible enough, as it fails to incorporate time 
improving credibility which is my principal contribution. To reiterate, my thesis bridges 
a gap in the literature by implementing a more flexible way of modelling imperfect 
credibility in a New Keynesian model. It then examines the behaviour of aggregate 
output and the optimal speed of disinflation in this new setting. 
The outline of the thesis is as follows. Chapter 3 presents the model employed 
to explore the above mentioned issues and also discusses its salient features. This 
model allows us to conduct the analysis in an environment where the supply-side of 
the economy is characterized by monopolistically competitive firms, and where there 
is rigidity in the setting of prices. It allows us to study the effect of a monetary policy 
that brings money growth to zero over some horizon. This was the approach adopted 
by Ireland (1997), following Ball (1994). 
Chapter 4 discusses the case of imperfect credibility and presents the way this has 
been modelled. The implementation of imperfect credibility leads to some computa- 
tional complexities related to the optimal choice of prices by firms who not only have to 
forecast future demand and cost conditions, but also have to forecast their covariances. 
Chapter 5 presents the methodology for solving this new model. 
Chapter 6 presents the output effects of a period of disinflation while there is a 
temporary lack of credibility. Two important recent contributions address some of the 
issues also discussed here. Ball (1995) demonstrates that if credibility is sufficiently 
low, a period of disinflation may lead to expected output losses and Ireland (1995) 
finds that higher output losses reflect the cost of imperfect credibility during a period 
of disinflation. However, the attainment of price stability is desirable (i. e., welfare 
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enhancing) in general, except when the loss of seigniorage is replaced in the low inflation 
state by a rise in other distortionary taxes. As presented earlier, their modelling of the 
expectations formation process misses the effects that I wanted to analyse. 
Two major results emerge from my thesis. First, the impact of imperfect credibility 
is to make disinflation more costly in terms of output losses in the period immediately 
following the contraction in monetary growth. The path of output to its new steady 
state differs from the path under perfect foresight. Second, the main insight arising 
from this work is that the `disinflationary booms' found by Ball (1994) and King and 
Wolman (1999) may or may not disappear in an environment with imperfect credibility, 
depending on the speed of learning relative to the speed of disinflation. 
Chapter 7 focuses on the extension of Ireland's (1997) calculation of the optimal 
speed of disinflation to the case of imperfect credibility, and enquires whether or not 
imperfect credibility materially impacts on the optimal speed of disinflation, as com- 
pared with the situation under perfect foresight. This is a question of first-order policy 
importance which has not been addressed hitherto in the class of models employed in 
this thesis. This model is also used to analyse the Volcker disinflation and discusses 
whether the speed of the Volcker disinflation was excessive or not. Given the history 
of disinflation I infer the implied speed of learning using my model economy. Then, 
using this implied speed of learning, the speed of the Volcker disinflation is compared 
with the optimal speed of disinflation. 
The policy lessons that emerge from this exercise is that big inflations should be 
stopped quickly, in the instances of both prefect and imperfect credibility. However in 
the case of imperfect credibility, the speed of disinflation of small inflations is decreased 
in comparison to the case of perfect foresight. It also suggests that once inflation has 
risen substantially, imperfect credibility makes sizeable output losses in the transition 
to price stability highly likely even when the speed of disinflation is `optimal'. 
Chapter 8 concludes. 
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Chapter 2 
Literature Review 
2.1 Introduction 
Imperfect credibility has recently became the focus of much research. The credibility 
problem was first introduced in macroeconomic policy by Kydland and Prescott (1977) 
and Barro and Gordon (1983). Since then, many papers have contributed to develop 
this subject which has increasingly taken a central role in the conduct of monetary 
policy. 
The impact of imperfect credibility on the effectiveness of monetary policy was, 
in most cases, studied in the context of the time inconsistency problem of Kydland 
and Prescott (1977). In their paper, they showed that the monetary authority has an 
incentive to use discretionary policy to generate price surprises when there is a negative 
relationship between unemployment and unanticipated inflation. The rational agents 
recognize the potential for real wage reductions and bid up wages, thus causing inflation 
to increase without any compensating decrease in unemployment. Hence, discretionary 
monetary policy leads to inflationary bias in economies. 
The success of monetary policy depends on the credibility of the monetary author- 
ity that pursues it (Woodford (1999), Cali (2000), Svensson (2000,2003)). Credibility 
arises from constant communication with the public, from commitment and consis- 
tency. As Blinder (1999) emphasizes, there in no unanimously agreed-upon definition 
of credibility in the literature. Blinder's favourite definition, is that deeds are expected 
to match words: "A central bank is credible if people believe it will do what it says" 
1. However, nowadays, "a central bank's or policymaker's `credibility' is the extent to 
I Blinder (2000), p: 1422. 
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which the private sector believe there will be low inflation" 2. 
Clearly, the implementation of monetary policy rules is an attempt to tackle the 
problem of imperfect credibility by providing a committed and consistent way of con- 
ducting monetary policy. As argued by Taylor (1993), policy rules are superior to 
discretion in improving economic performance as they help to improve credibility. The 
literature reviewed for the purpose of this thesis presents in the first instance a dis- 
cussion of monetary policy rules. The section dedicated to monetary policy rules will 
present their importance, the historical context of their adoption followed by the gen- 
eral framework used for the research of monetary policy rules. The development of 
monetary policy rules over time and the current areas of controversy and debate will 
also be discussed. 
Moreover, time inconsistency appears no longer to be a problem under the inflation 
targeting regime (Bernanke et al. (1999)). Inflation targeting is characterized by the 
announcement of an official target (or range) for the rate of inflation for the coming 
period, a commitment to price stability as the primary goal of monetary policy and an 
information inclusive strategy (the central bank makes use of all available information). 
Therefore, the focus of the next section of the literature review is on inflation targeting. 
Inflation targeting increases transparency through communication to the public and the 
financial markets of the monetary policy decisions and of the targets. Also, it provides 
for increased accountability of the central bank for meeting these objectives (Mishkin, 
2000). This is a monetary policy regime designed to address and correct the problem 
of imperfect credibility. After a discussion of the achievements of inflation targeting, a 
description of the framework of inflation targeting including both the institutional and 
the operational framework will be presented. The section will end with a discussion of 
the adoption of inflation targeting in transition economies. 
However, as Antulio and Rudebusch (2000) states, "The costs of a disinflation are 
also commonly believed to depend on the credibility of the central bank's commitment 
to the new lower inflation target" 3. Therefore, this leads to another aspect in respect 
to which imperfect credibility will be discussed in this chapter. More specifically, there 
2Forder (2004), p: 416. 
3Antulio and Rudebusch (2000), p: 708. 
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will be a discussion of the behaviour of output during a disinflationary monetary policy 
and of the optimal speed of disinflation when policy makers are committed to price 
stability in the strict sense of achieving and maintaining a constant price-level. 
The outline of the chapter is as follows: Section 2.2 presents the importance and 
the evolution of the monetary policy rules, followed by a review of the inflation target- 
ing regime in Section 2.3. It reviews the historical roots, describes the framework of 
inflation targeting and briefly discusses the adoption of inflation targeting in transition 
economies. The conduct of disinflationary monetary policy under imperfect credibility 
and the optimal speed of disinflation are discussed in section 2.4. Section 2.5 concludes. 
2.2 Monetary Policy Rules 
The credibility of the central bank is essential in the pursuit of a successful monetary 
policy (Svensson 2000,2003). Credibility is based on constant communication with the 
public, commitment and consistency. The implementation of monetary policy rules 
aims to address the problem of imperfect credibility as it provides both a committed 
and consistent manner of conducting monetary policy. Central bankers emphasised the 
importance of following a more systematic policy, especially with credible, clearly stated 
goals, specifying the monetary policy rules as a guide for decisions. The importance of 
monetary policy rules is directly related to the rules versus discretion policy debates 
initiated by Kydland and Prescott (1977), Barro and Gordon (1983) and Taylor (1993) 
who argue for the superiority of policy rules over discretion in improving economic 
performances. 
This section first presents the importance of monetary policy rules, followed by 
the historical context of the adoption of monetary policy rules in practice and the 
general framework used for the research of monetary policy rules. It also presents 
the developments of the monetary policy rules over time and the current areas of 
controversy and debate, since monetary policy rules have become a well-known subject 
of research. 
Lucas's "Econometric Policy Evaluation Critique", clearly indicates that in order 
to evaluate a monetary policy, there is a need for rules: people are forward-looking 
and a policy is described by a rule. A policy rule, representing a description of how 
the instrument of policy changes in response to economic variables, is a guideline for 
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monetary policy. It is also defined as a contingency plan that lasts forever only if there 
is an explicit clause not to abandon it. To have meaning, a policy rule has to be in 
place for a reasonably long period. In order to gain the credibility associated with a 
rule, policymakers need to make a commitment to the rule (Taylor (1993)). 
Advocating the importance of monetary policy rules, Taylor (1999) enhanced the 
effects of the monetary policy rules on macroeconomic stability, stating that more 
responsive policy rules lead to a greater economic stability, although this evidence is 
not so simple due to various shocks. Longworth and O'Reilly (2000) also pointed out 
their importance, arguing that a stable reaction function helps in the analysis of shocks 
and of the implications new information can bring. The monetary rule is therefore an 
important part of the model used for predicting the future evolution of macroeconomic 
variables. 
According to Taylor (1998), the advantages the adoption of policy rules brings are: 
" Time consistency. A policy rule reduces the chance that the policymakers change 
their policy after the private sector has taken its action. Kydland and Prescott 
(1977) highlighted this rationale for policy rules. 
" Clearer explanation. A better educated public and more effective democracy. 
" Less short run policy pressure. A monetary policy rule that shows how the 
instrument of policy has to be set in a large number of circumstances is less 
subject to political pressure in times of change. 
" Reduction in uncertainty by clearly describing future policy actions. 
. Teaching the art and science of central banking. 
9 Greater accountability. 
9A useful historical benchmark to provide a baseline for historical comparison. 
Although subject of research long before adoption, monetary policy rules were ap- 
plied in practice quite recently. It is a little strange to speak about the historical context 
of the adoption of monetary policy rules in practice when it only began two decades 
ago. However, let this be considered as a reference point in the understanding of the 
evolution of the monetary policy rules over time. 
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In 1980's, in the US, monetary policy was characterized by discretion with many 
commentators describing monetary policy as following the "Greenspan standard". This 
refers to the way in which Alan Greenspan, the Federal Reserve Chairman, was leading 
the short term interest rate in a purely discretionary fashion. Therefore, there was a 
gap between research and practice. Chapter 3 of the 1990 Economic Report of the 
President was the first attempt to translate academic research on policy rules into a 
potential tool that could perhaps be used in practice by policymakers. This report 
helped to smooth the way for the application of policy rules in practice. In 1991 Taylor 
finalized a book on using econometric rational expectations based models to evaluate 
monetary policy rules, a project started in the mid 1980's, as an extension of a 1970's 
research agenda. 
A seminal work in this field is Bryant, Hooper and Maan (1993) that summarizes 
many rational expectations models in a comparison project of monetary policy rules. 
Although there was some disagreement among economists about which monetary policy 
rule is most appropriate for adoption, a consensus emerged from the results. Taylor 
(1998) summarizes this consensus thus: 
1. An interest rate instrument performs better than a money supply instrument. 
2. Interest rate rules that react to both inflation and real output worked better that 
rules focused on either one. 
3. Interest rate rules reacting to the exchange rate were inferior to those that did 
not. 
As a result, at the Carnegie Rochester Conference on Public Policy in Pittsburgh in 
November 1992, at the invitation of Alan Meltzer, Taylor presented the first monetary 
policy rule, now called the Taylor rule. Presented later in this section, it fulfils the 
three characteristics stated above. 
One aspect needs to be addressed at this point and this is the type of model em- 
ployed for the research of monetary policy rules. The framework usually met consists of 
a structural quantitative macroeconomic model that includes three main components 
(McCallum, 1999): 
" An IS relation or set of relations specifying how the interest rate affects aggregate 
demand and output. 
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"A price adjustment equation or set of equations relating inflation's behaviour to 
the output gap and to expectations regarding future inflation, i. e. New-Keynesian 
Phillips curve. 
"A monetary policy rule specifying each period's settings of an interest-rate in- 
strument. 
These settings are determined considering the most recent or predicted values of 
the inflation rate and the output gap for the economy. Estimated by various methods, 
or perhaps calibrated, the models usually used are quarterly and most of them incor- 
porate rational expectations. However, according to Taylor (1998), either calibrated 
or estimated, the models are based on five principles that have guided research on 
monetary policy rules: 
1. Long-term trend of real GDP is well-described by modern neoclassical growth 
theory, having the growth rate of productivity depending on capital and technol- 
ogy, both endogenous and susceptible to changes in tax policy, trade policy and 
regulatory policy. The trend in GDP is not constant, but it changes slowly. 
2. There is no long-run trade-off between inflation and unemployment (or deviations 
between real GDP and the long-term trend in real GDP) 
3. There is a short-run trade-off between inflation and unemployment (due to sticky 
prices or imperfect information). Changes in monetary policy have a short-run 
impact on unemployment even though monetary policy is neutral in the long run. 
4. Although there are still debates about how to model expectation, rational expec- 
tation has become the baseline assumption; expectations for the future count in 
the evaluation of monetary policy, and are endogenous to changes in policy. 
5. Monetary policy needs a target inflation rate with a low inflation target being 
preferred to a high one. 
Consistent with the second principle, there is no need to establish a target for 
unemployment (monetary policy has no effect on unemployment in the long run). Due 
to the shocks that will shift the economy from its target, a set of procedures is needed 
to change the instruments of policy in response to these shocks. According to Taylor 
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(1993), a procedure can be described by a policy rule. The third principle enhances the 
importance of the policy rule for the instrument due to the fluctuations of inflation and 
unemployment that affect each other in the short-run. That expectations matter and 
are endogenous was enough of a reason for the models to be focused on the evaluation 
of policy rules. 
Furthermore, since monetary policy rules have been the subject of much recent 
research, a survey of how monetary policy rules developed over time will be presented. 
A seminal paper in this direction is Taylor (1999) who presents a collection of articles 
which by applying various econometric frameworks, investigate the robustness of al- 
ternative monetary policy rules. Also, McCallum (1999) offers a review of some of the 
recent developments in the empirical analysis of monetary policy rules. 
The history of changes in monetary policy rules is relevant for monetary policy 
today because it provides evidence about the effectiveness of different monetary policy 
rules. To study the effects of policy rules behaviour, stochastic simulations using the 
models with alternative policy rules are conducted. The results are ranked according to 
the performance in terms of average values of the variability of inflation, of the output 
gap and the interest rate. One monetary policy rules is better than another monetary 
policy rule if it results in better economic performance according to some criteria such 
as lower variability of output and inflation. 
Taylor (1998) discusses an historical approach to the evolution of monetary policy 
rules arguing that this may be more convincing for policymakers than the model-based 
approach due to the fact that first, models are viewed (even simple ones) like black 
boxes and second, because the evolution of monetary policy rules over time is a real- 
time learning process. The evolution of monetary policy rules is best understood as a 
gradual process of learning how to conduct monetary policy. Ile centres his analysis on 
the short term interest rate instruments of the central bank, while examining several 
long periods in US monetary history: the classical international gold era, the fixed 
exchange rate era of Bretton Woods and flexible exchange rate era. Taylor (1999) 
points out that macroeconomic performance was changed with different policy rules 
over each of these three periods (in terms of volatility of inflation and output). He 
surveyed the effects of the (different) policy rules on macroeconomic stability, stating 
that the more responsive policy rules lead to greater economic stability, although this 
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evidence is not so simple due to various shocks. The degree of responsiveness of short- 
term interest rates in the monetary policy rule to fluctuations in inflation and output 
increases over time, from the classical international gold era, the fixed exchange rate era 
and the flexible exchange rate era together with the economic stability that characterize 
each of them. The importance of having a rule to guide policy became apparent when 
the Bretton Woods's system fell apart in the early 1970's. 
There are different types of monetary policy rules. In the following section, the 
main classes of policy rules, starting with the Taylor rule and its extensions will be 
presented. 
2.2.1 Taylor Rule 
Introduced by Taylor (1993), the Taylor rule was derived for the US economy, showing 
that the monetary policy between 1986-1992 is well characterized by a rule for the 
Federal Reserve's interest rate instrument. Moreover, monetary policy since 1992 has 
also been well described by this policy rule, and not only for the Federal Reserve 
but quite accurately4 also for the Bundesbank and other central banks . 
He finds 
that the nominal interest rate (the nominal Federal funds rate), the Federal Reserve's 
instrument, responds with fixed, positive weights to inflation and the output gap. 
Moreover, the Taylor rule for the Federal funds rate fits the actual policy performance 
during the last few years remarkably well. 
The Taylor rule, as presented in McCallum (1999,2000): 
Rt = Opt - 0.5(Opt - 7r") + 0.5yt + r, 
where: 
Rt is the short-term nominal interest rate that the central bank uses as its instru- 
ment, 
ipt is the average inflation rate over the past four quarters, a proxy for expected 
inflation, 
7r* is the inflation target, 
yt = yt -Ft is the output gap (percentage difference between the actual and capacity 
output values), 
4see Clarida, Gali and Gertler (1997). 
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r is the average real rate of interest. 
In Taylor (1993), it is presented as follows: 
r =p+0.5y+0.5(p- 2) +2, 
where: 
r is the federal funds rate, 
p is the rate of inflation over the previous quarters, 
y is the percent deviation of real GDP from target, given that he chose for the 
average real rate of interest 2% and for the inflation target he assumed 2%. 
The Taylor rule is a linear reaction function that responds in deviations of inflation 
from its target and to the output gap, according to which monetary policy should be 
tightened by an increase in interest rate when inflation exceeds its target value and/or 
output exceeds capacity. However, there are developments to this rule that will be 
presented over the next paragraphs. For a better understanding of the evolution of the 
extensions of the Taylor rules, the rule below will be written in a simplified form, as 
follows: 
it = it + gn(1rt - lr*) + 4y(yt - y*), 
ý2.1) 
where: 
it is short term nominal interest rate that the central bank uses as its instrument, 
it is "neutral" nominal interest rate, 
7rt is the inflation rate, 
7r* is central bank's target inflation rate, 
yt is logarithm of the level of actual output, 
y* is logarithm of the trend output, 
q, qy are positive parameters corresponding to how active monetary policy is in 
responding to deviations of output from trend (output gap) and inflation from its 
target. (It can also specify the setting of a nominal interest rate instrument in response 
to observed or predicted values of inflation and the output gap for forward-looking 
Taylor rules which will be presented later). 
Evolution of the parameters of the Taylor rules over time 
The initial parameters of the original Taylor rule were q, - = 1.5 and qy = 0.5. Over 
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time, the parameters of the policy rule changed, their magnitude depending on how 
monetary policy is run, on how active monetary policy is in responding to deviations 
of output from trend and inflation from its target. The size of the coefficients makes 
a big difference for the effects of policy. Nelson (2000) reached the same conclusion as 
Taylor (1999) regarding the relationship between the size of parameters and the degree 
of responsiveness of the rule, testing the Taylor rule for UK for 1971-97 in different 
eras. It is concluded that the degree of responsiveness of short-term interest rates in 
the monetary policy rule to fluctuations in inflation and output increases with the size 
of the parameters (parameters grater than one characterize periods of low inflation), as 
well as the economic stability. Taylor's (1999) study on the evolution of the Taylor rule 
coefficients over time from the classical international gold era, to the fixed exchange 
rate era and the flexible exchange rate era, while testing it for the US economy, provides 
empirical evidence in this point. 
2.2.2 McCallum Rule 
Before investigating further the extensions to the Taylor rule, I turn next to present the 
McCallum rule. Some of the studies consider alternative instruments or target variables 
(McCallum and Nelson, 1999). For example, McCallum (1987,1993,2000) promoted 
a rule that features a monetary base instrument and a nominal income target. The 
McCallum rule is: 
, Abt = Ox* - Ovt + 0.5(Ox* - Axt-1), 
where: 
Abt is the change in the log of the adjusted monetary base, 
Ax* is a target growth rate for nominal GDP, 
Ixt is the change in the log of nominal GDP, 
Ax* is specified as 7c* + Ay*, where Ay* is the long run average rate of growth of 
real GDP, 
Ovt is the average growth of base velocity over the previous 16 quarters, 
vt = xt - bt, is the log of base velocity, intended to reflect long lasting changes in 
the demand for the monetary base. 
This rule adjusts the base growth rate up or down when nominal GDP growth is 
below or above a chosen target value, Ax* which equals the desired average rate of 
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inflation plus the expected long-run average rate of growth of real output. 
When comparing the Taylor rule and the McCallum rule, McCallum (1999) stated 
that the Taylor rule is much more popular because it is expressed in terms of the 
interest rate rather that in settings for the growth rate of the adjusted monetary base 
(currency plus bank reserves). At the same time, it is more realistic in the sense of 
being more appropriate for the central bank's actual instrument variable. Many central 
banks conduct their policy in terms of the interest rate rather then the monetary base. 
This does not mean that the McCallum rule does not offer consistent advice or that 
it should not be considered by policymakers concerning monetary policy. Moreover, 
according to McCallum (1999) one of the weaknesses of the Taylor rule is that it 
requires estimating the output gap which is difficult whereas this is not needed for the 
McCallum rule. 
Empirically, these two rules have agreed over many periods. They were different in 
the case of the UK over the late 1980s when the Taylor rule was pointing to an easing 
in policy, while McCallum argued for a tighter one. The empirical study of McCallum 
(1993) in the case of Japan for 1972-1998 provided evidence that the policy rule that 
used the monetary base as a variable would identify that the policy was too tight after 
1991. He argues thatthis would havve delivered a better monetary policy. 
Although there is no similarity, regarding the instrument and the target variable, 
both the Taylor rule and the McCallum rule serve the same goal of a monetary policy 
rule designed to keep inflation low and stable and to stabilize real output fluctuations. 
However, there remains an extremely important role to be played by measures of the 
monetary base and other monetary aggregates. 
Given the importance of these two types of rules, their advantages and disadvan- 
tages, McCallum (2000) studies rules obtained by pairing interest rate instrument and 
monetary base growth instruments with both a nominal income growth target and 
inflation as target variables. The rules considered are: 
Rt =r+ ipt + 0.5(Ox* - Axt-1) 
and 
Abt = Ax* - Avt - 0.5ht, 
where r is the long run average real rate of interest, ht = Opt - 7r* + yt is the "hybrid" 
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target value. Also 
Rt = r+Apt' +0.5(Apt - 7r*) 
and 
Abt = Ax* - Avt - 0.5(Apa - *) 
His empirical study for the case of the US, the United Kingdom and Japan in- 
vestigated the performance of these rules. He provided evidence that, by combining 
the interest rate and the monetary base instrument with both inflation and nominal 
income as target variables, the performance of policy rules seems to be more dependent 
on the instrument variable that on the choice of variable target. This is an important 
topic for future research concerned with alternative monetary policy rules. 
2.2.3 Extensions of Taylor Rule 
There is a large body of literature based and focused on extension of the famous 
Taylor type rule. The last decade has been characterized as a period of innovations in 
monetary policy, when different countries have experimented with different techniques 
for achieving inflation targeting, including different choices of policy rules and policy 
instruments. 
A common and major change discussed by Ball (2000) and King (1999) has been 
to include the instrument lagged on the right hand side as a determinant of the con- 
temporaneous value of the instrument: 
it = i' + 4'. (7rt - ir`) + qy(yt - y*) + 4jit-i, (2.2) 
where qj is a positive coefficient. 
This adjustment is intended to reflect the practice of interest rate smoothing with 
the interest rate depending also on its previous level. It captures the aversion of 
the policymakers to a large shift in the instrument, in favour of a cautious, gradual 
approach, as discussed by Ball (2000). In fact this is a more "aggressive" response to 
shocks to inflation or output than the previous rule (2.1) (King (1999)). Apparently, a 
prompt response to shocks may present the need for larger successive movements, hence 
a less volatile path for the interest rate. The relation between these two rules, (2.1) 
and (2.2), depends on the assumption about the nature of the transmission mechanism 
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of monetary policy. 
In order to present estimates for the UK economy for 1972-97 in his attempt to 
characterize the monetary policy using Taylor rules with smoothing, Nelson (2000) 
employed a Taylor rule in which output appears with a one period lag, rather than 
contemporaneously: 
Rt = wo + w1OPt-1 + WA-i, 
where wo, wl, w2 are parameters of the rule. This reflects a more realistic assumption 
about the information available to the monetary authority in period t, incorporating 
Orphanides (1999) suggestion that there are differences between real-time and final 
data, which usually affects the analysis of policy rules. This is one of the reasons 
Orphanides (1999) criticised the Taylor rule. He recognised that current-period values 
for yt could not be known until after the end t, and also that the bulk of problems is 
due to the errors in the measurement of potential output. 
2.2.4 Open-Economy Rules 
As stated by Svensson (1998), in the Taylor rule the instrument is restricted to respond 
only to the deviations between the variables and their target level, possibly including 
the lagged instrument in order to incorporate instrument smoothing. In its standard 
form, the Taylor rule is a backward-looking rule for a closed economy. This rule was 
derived for the closed economy of the US. Taylor (2000) explained the formulation of 
a modified rule by the fact that the central bank reacted too strongly to the exchange 
rate and that inflation-output performance and that the monetary policy rule should 
concentrate on domestic macroeconomic variables which was not allowed for in the 
earlier rule. 
As Ball (2000) stated, monetary policy. in open economies differs from policy in 
closed economies. In the first ones, macroeconomic stability is enhanced by targeting a 
measure of inflation that filters out the transitory effects of exchange-rate fluctuations. 
Ball (1999a) proposed a Taylor rule with the exchange rate included, as a rule designed 
for a small open economy, arguing that policy rules developed for closed economies are 
inadequate for responding to shocks to the exchange rate, exports and world commodity 
prices. Therefore, for open economies, the Taylor rule must be modified so as to give 
a role to the exchange rate. Moreover, as Debelle (1999) pointed out, by including the 
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exchange rate, the central bank can reduce the variability of both output and inflation. 
Thus, adding the exchange rate, the rule becomes: 
it = r* + 4, (7rt - it*) + 4y (yt - y*) + %et, (2.3) 
where et is the log of the real exchange rate (a higher e means appreciation) and qe is 
a positive coefficient. A lagged exchange rate has been included as well: 
it = r* + gn(7t - lr*) + 4y(Jt - y*) + qeoet + Qelet-1. 
As shown by Ball (1999b), using a very simple model with constant coefficients 
(Svensson-Ball model), in an open economy, the optimal rule changes in two ways. 
First, the policy instrument becomes a weighted average of the interest rate and the 
exchange rate, what is often called an MCI5. As it can be seen, here is a change in 
the instrument, while most of the central banks use a short-term interest rate like in 
the above rules. Knowing that inflation targeting in open economies may lead to high 
variability of exchange rate and output, these fluctuations can be avoided by targeting 
long run inflation. Therefore, the second change consists of the replacement of inflation 
by long run inflation which is a variable that filters out direct but transitory effects of 
exchange rate-movements. Thus, the optimal policy rule in a small open economy, it is 
argued, is similar to the Taylor rule, differing from the original by not being expressed 
in terms of the interest rate but in terms of an index and targeting long run inflation. 
Svensson (1998) comments on the role of MCIs within inflation targeting. He 
concludes that the monetary policy impact on inflation that is transmitted via several 
different channels with different lags is too complex to be summarized by any single 
index. In an open economy, an instrument that combines both (the main channels of 
transmission, i. e. exchange rates and interest rate) would be desirable due to the fact 
that it summarizes the stance of monetary policy offering a better instrument. 
Canada, New Zealand, Sweden (which follows the Canadian monetary policy closely) 
and Norway, pursue this approach. The rationale for using a MCI is that it is a measure 
of the overall stance of policy, including the incentives through both the real interest 
rate and the exchange rate. Recently it has been studied for the UK. Until now, New 
Monetary Condition Index. 
28 
Zealand and Canada adopted an MCI as an instrument, this still being a relatively 
unexplored area that might raise questions for the future research. 
According to Ball (1998), the optimal policy as a rule for an average of r and e is: 
wrt + (1 - w)et = ayt + b(7rt + ryet-i), (2.4) 
where rt is the real interest rate, yt is log of real output, a, b positive constants to 
be determined, and ry positive coefficient, w is the weight on the real interest rate 
(0 <w< 1) and wrt + (1 - w)et is the monetary conditions index (MCI). 
A new element is -yet-1 interpreted as a long-run forecast of inflation under the 
assumption that output is kept at its natural level. While in a closed economy this 
will be simply the current inflation, in an open economy inflation will change due to 
the exchange rate. 
Ball (2000) pointed out that theoretically, equations (2.3) and (2.4) are identical, 
differing in the choice of the instrument between an interest rate and an MCI as policy 
instrument This choice depends on the degree of flexibility allowed for the policymakers. 
A question that requires more research is whether the exchange rate should appear on 
the left or right side of the rule, in other words, if the policy instrument should be an 
interest rate or an MCI. 
Recently, as presented by Longworth and O'Reilly (2000), researchers at the Bank 
of Canada, noticed that Ball's results depend on assumptions that are not true in the 
case of a small open economy (shocks are white noise and in particular are uncorre- 
lated across equations). Therefore, they extended the rule to include new exogenous 
explanatory variables X, due to the fact that commodity prices and foreign output 
affects both the exchange rate and demand. 
The optimal policy rule becomes: 
wrt + (1 - w)et = ayt + b(7rt +f et - 1) + cXt, 
where all variables are measured as deviations from their average values, wrt+(1-w)et 
represents the monetary conditions index (MCI), yt is the output gap, (7r +f et - 1) is 
core inflation, a measure of inflation that excludes the direct but temporary effects of 
exchange rate movements (concerning the measurement of inflation there is an on-going 
debate within the inflation targeting literature); c is a constant vector that depends 
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on the parameters of the model excluding the coefficients on Xt in the exchange rate 
equation. The instrument responds to changes in X, since this affects the future path 
of output and inflation. Srour (1999) noticed that an autonomous rise in the exchange 
rate requires constant monetary conditions, while a rise due to an increase in real 
commodity pieces require tighter monetary conditions. 
It would be desirable to a central bank to have a Taylor type reaction function 
incorporating Ball (1999a) and Srour (1999) extensions for the internal discussion on 
monetary policy, robust across several models. While more work needs to be done to 
refine and understand the results of research in this area, the most general observation 
is that the results from the open-economy Taylor rule show less cycling for inflation, 
interest rates, the exchange rate and the output gap than do the results for the other 
two forms of the Taylor rule considered. These results should not be all that surprising 
given the more complete representation, relative to the variants of the base Taylor 
rule used, of how policy is actually formulated and implemented. Further research will 
continue on refining the conceptual underpinnings of an open economy Taylor rule and 
at the same time a concrete effort will be made, using simulation analysis and different 
models, to find a robust representation of a Taylor rule that can be used to aid in the 
discussions on monetary policy formulation. 
2.2.5 Forward-Looking Rules 
We now consider forward-looking approaches to policy rules. Due to the fact that 
inflation reacts with "long and variable lags" and with variable magnitude to changes 
in the monetary policy instrument and that it is also affected by factors other than 
monetary policy (sometimes with shorter lags), the central bank has to adopt a forward- 
looking perspective by attempting to control inflation a few years ahead (Svensson 
(2000)). The degree of forward-lookingness is usually thought to be determined by 
the transmission lag. This forward-looking perspective has long been a consideration. 
Indeed, Keynes observed that "if we wait until a price movement is actually afoot 
before applying remedial measures, we may be too late" 6 [A Tract on Monetary Reform 
(1923)]. 
6Keynes (1923), p: 148. 
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Forward-looking Taylor Rules 
In its standard form, the Taylor rule is a backward-looking rule, while inflation target- 
ing is a forward-looking regime given the lags in the effect of monetary policy on the 
real economy and inflation. However, a policy rule including explicitly forecast values 
of output and inflation becomes a forward-looking policy rule. Consequently, due to the 
fact that it takes direct account of the policy lags it delivers superior outcomes. More- 
over, Debelle (1999) provided evidence that such a rule reduces the variability of both 
inflation and output. Therefore, the famous Taylor rule uses estimated (forecasted) 
values of inflation rather then current inflation. Such a rule is present in McCallum 
(2000): 
it = i* + g7r (Et7rt+1 - lr*) + gy(yt - y*)" 
Nelson (2000) in his empirical study on the case of UK (July 1976 to April 1979) 
testing various rules, used a rule involving an estimated contemporaneous value for the 
output gap as well: 
it = i* + q, (Et-irt - ir") + gyEt-iy + qjit-1. (2.5) 
Advocating the forward-looking nature of inflation targeting, Haldane (1997) presents 
three forward-looking rules and states that the monetary authority in inflation targeting 
countries UK, Canada, New Zealand, feeds back from expected rather actual inflation. 
The rules he considers axe as follows: 
it = 4n(Etirt+j - 7r'), (2.6) 
it = i', (2.7) 
policy feeding back from current inflation, and 
it =q (1rt - 7r*), (2.8) 
called "myopic rule", where: 
Et is the expectations operator conditional on information at time t and earlier, 
q, r is a positive 
feedback parameter, 
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j is the targeting horizon (determined among other things by the length of the 
monetary transmission channel). 
The empirical study of Clark, Laxton and Rose (1995) on rules (2.6) and (2.8) pro- 
vided evidence that myopic rule results in greater output variability than rule (2.7), 
pointing out that the use of an estimated/forecasted value instead of the current one 
led to a better result. Furthermore, as claimed by Haldane (1997), the effect that oc- 
curs among inflation targeting countries is inflation forecast targeting, with the forecast 
taking the role of the feedback variable, the lags embedded in the monetary transmis- 
sion process being explicitly recognized in the setting of the monetary policy. In fact, 
as Alan Greenspan stated, "Implicit in any monetary policy action or inaction is an 
expectation of how the future will unfold, that is, a forecast" 7. 
2.2.6 Inflation Forecast Based Rules 
The reaction function which involves adjusting interest rates to the expected future 
deviations of inflation from its target level, belongs to the class of inflation forecast 
based (IFB) policy rules. These rules allow for interest rate smoothing or include other 
terms (contemporaneous output gap (Canada)), while their main feature is forward- 
lookingness with respect to inflation. These kinds of rules are currently used in QPM8 
by the Central Bank of Canada. The class of rules is: 
rt = yrt-1 + (1 - y)rt + O(Et7rt+j - 7r'`), 
where: 
rt = it - Etirt+1 is the short term ex ante real rate of interest, 
rt is the equilibrium value of the real interest rate, 
Et(. ) = E(. lct), where cbt is the information set available at time t, 
E is the mathematical expectations operator, 
lrt = pt - Pi-1, pt is the log of the consumer price index, 
j, y, 0 parameters. 
IFB rules have been examined by Batini and Haldane (1999) for the UK. They 
pointed out that such a rule is more efficient at minimizing inflation and output vari- 
7Alan Greenspan, quoted in Sir Alan Budd, "Economic Policy, with and without Forecasts, " Bank 
of England, Quarterly Bulletin, November, 1998. 
8Quarterly Projection Model. 
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ability than standard Taylor rule specifications, and is almost as efficient as fully op- 
timal rules (Srour (2003)). Due to its simplicity this class of rules is more robust and 
easier to monitor than other rules. 
2.2.7 Comparing forward-looking rules with closed economy 
Taylor rule 
Longworth and O'Reilly (2000) suggested that Taylor-type rules do not respond as well 
as forward-looking rules in terms of average stability. In their study, they compared 
the results from IFB-type rules, non-linear rules which do not react until inflation falls 
outside the bands, and Taylor-type rules that respond both to deviations of inflation 
from its target level and to deviations of output from potential using only contempo- 
raneous or past information. On the basis of stochastic simulations with QPM, the 
results of the experiment were summarized in terms of output, inflation and interest 
rate variability. Nevertheless, in order to obtain more information for the monetary 
authority, researchers added an output gap term to the forward-looking rule, obtaining 
an extension of it, which makes it much closer to a Taylor type rule. 
These rules are significant to the study of monetary policy because they confirm 
the results of Ball (1997) and Svensson (1997) as to the extent to which policy-making 
cares about output: the greater the weight on output the more gradual the response to 
deviation of the inflation forecast from the target value, which corresponds to a longer 
horizon of the inflation forecast in the policy rule. 
Clearly, the implementation of monetary policy rules addresses and tackles the 
problem of imperfect credibility by reducing uncertainty by describing future policy 
actions, offering accountability and avoiding the problem of time inconsistency. They 
provide a consistent way of conducting the monetary policy and at the same time 
require commitment. After the first part of the literature review of this thesis ded- 
icated to monetary policy rules, in which their importance, the historical context of 
their adoption and the general framework used for their research have been presented, 
attention is now turned to inflation targeting. 
33 
2.3 Inflation Targeting 
The most popular monetary policy regime nowadays is inflation targeting due to the 
fact that is seems to provide a suitable framework to achieve economic stability, as 
shown by the experience of the countries that adopted this monetary policy regime. 
Inflation targeting is adopted at present by the following developed countries: Canada, 
the United Kingdom, New Zealand, Sweden, Australia, Finland, Spain and developing 
countries like Israel, Chile, Mexico and Brazil. Among the Central European Countries, 
the Czech Republic, Poland and Hungary have recently adopted inflation targeting. 
"Inflation targeting is a framework for monetary policy characterized by the public 
announcement of official quantitative targets (or target ranges) for the inflation rate 
over one or more time horizons, and by explicit acknowledgment that low, stable infla- 
tion is the primary long-run goal of monetary policy. Among other important features 
of inflation targeting are vigorous efforts to communicate with the public about the 
plans and objectives of the monetary authority, and, in many cases, mechanisms that 
strengthen the central bank's accountability for attaining those objectives"9. 
Inflation targeting has received much attention recently from both academics and 
policymakers. This section first presents the achievements of inflation targeting. This 
is followed by the description of the framework of inflation targeting, the institutional 
and the operational framework. The section ends with a discussion of the adoption of 
inflation targeting in transition economies. 
2.3.1 Achievements of Inflation Targeting 
The aim of this section is to shed light on the accomplishments of inflation targeting 
as a new monetary policy regime. The main advantages of inflation targeting can be 
summarised as follows: 
" Does not present the drawbacks of alternative monetary policy regimes10. 
" Provides a nominal anchor for policy and the economy. The absence of other 
nominal anchors leads to improved credibility. Also setting a target helps in 
improving credibility. 
9Bernanke, Laubach, Mishkin, Posen (1999), p: 4. 
'°Comprehensive surveys of the comparisons between inflation targeting and alternative monetary 
regimes are McCallum (1995) and Cukierman (1995). 
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" Deals with time inconsistency problem. 
" Reduces output volatility. 
9 Improves communication between policymakers and the public. 
. Provides increased discipline, accountability and therefore improves credibility. 
The success of inflation targeting started with the prevention of the incoherence 
that characterized monetary policy practice and analysis after the breakdown of the 
Bretton Woods regime system. This was subject to dramatic speculative attacks (Swe- 
den, Finland, UK) and failed to achieve low and stable inflation. Trying to achieve the 
conditions for economic growth (price stability), over time, central banks have used in- 
termediate policy targets for the exchange rate and various monetary aggregates. 
Thus, they were aiming to obtain the goal of price stability in an indirect way. At 
the beginning of 1990, the possibility of obtaining this objective in a direct manner 
highlighted the importance of inflation targeting. In order to influence inflationary 
expectations, central banks announced the future evolution of key nominal variables, 
known as intermediate targets, limiting their basic incentive to exploit short-run trade- 
offs between output and inflation (avoiding inflation bias). This consequently improved 
credibility. The significance of the intermediate targets is related to the fact that they 
act as nominal anchors. This prevents domestic or external shocks from increasing 
inflation above certain levels and generates a much more concrete long-term commit- 
ment to price stability. Intermediate targeting engages a preannounced exchange 
rate rule or targets for any particular monetary aggregate. Directed only at the 
exchange rate, monetary policy is seriously limited as it is constrained in responding 
to domestic or external shocks in contrast to the case of flexible exchange rate settings. 
. Developing and transition countries that used a fixed exchange rate as a nominal 
anchor following the breakdown of the Bretton-Woods arrangement like those 
mentioned above, had to move to either more flexible arrangements or to the 
other extreme of currency board or full-fledged dollarization (Bulgaria, Estonia, 
Lithuania). This was due to the growing integration of world capital markets 
in the last twenty years and the increased volatility of capital flows, since the 
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EMS" and the Asia and Latin America crises (Grenville (2000)). 
" Developed countries supported more flexible exchange rate arrangements choos- 
ing various monetary targeting regimes. Under these regimes, referred to as 
monetary targeting, monetary aggregates, considered as main determinants of 
inflation targeting in the long run, become the intermediate target. Under the 
context of monetary targeting, the main goal of central banks is to use all avail- 
able instruments to control monetary aggregates. Hence, controlling the mone- 
tary aggregate is equivalent to stabilizing the inflation around the target. The 
success of monetary targeting as an intermediate target depends on the stability 
of its relationship with both the goal variables and the instrument used. Finan- 
cial institutions developed money substitutes and the demand for money became 
unstable during 1980's. Although in the long run there is a stable relation be- 
tween money and inflation, in the short-run they are not sufficiently correlated 
(Svensson, 1999). Therefore several OECD countries adopted explicit inflation 
targeting as a strategy for conducting monetary policy (Cukierman (1995), Croce 
and Khan (2000), Grenville (2000)). 
" Additionally, inflation targets play the role of a nominal anchor for monetary 
policy providing a focus for expectations of the private sector and a reference 
point for central banks against which they can judge the desirability of short-run 
policies. A monetary policy is more effective in the presence of a firmly estab- 
lished nominal anchor and the more that anchor is understood by the public the 
better (Bernanke, Laubach, Mishkin and Posen (1999)). Under an inflation target 
framework, the monetary authority can conceivably pursue additional objectives 
but only to the extent to which they are consistent with the inflation targeting. 
The experience of the inflation targeters clearly shows that the coexistence of 
multiple anchors (typically, a crawling currency band and an inflation target, or 
a monetary aggregate target together with an inflation target) sooner or later is 
a source of potential policy conflict, which usually damages policy credibility. 
It has been found that discretionary monetary policy, free from the constraints of 
the gold standard and after that of the Bretton Woods system of pegged exchange 
II European Monetary System. 
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rates, generates inflation and that unfettered discretion has not been a success. No 
rule describes how policy should be set in all possible outcomes, so some discretion is 
inevitable. But according to King (1999), that discretion must be led or constrained by 
a clear objective. Under inflation targeting, the long run objective of monetary policy 
is low inflation, therefore, this policy has been described as "constrained discretion" by 
Bernanke and Mishkin (1997). As discussed in Bernanke, Laubach, Mishkin and Posen 
(1999), inflation targeting combines some of the advantages traditionally ascribed to 
rules with those ascribed to discretion by imposing a conceptual structure and its 
inherent discipline on the central bank, but without eliminating all flexibility. An 
analytical distinction between policy rules and discretion can be drawn from the time- 
consistency literature12. Goodhard and Vinals (1994), Leiderman and Svensson (1995), 
Haldane (1995), McCallum (1996), Bernanke and Mishkin (1997) advocate the idea of 
inflation targeting as a framework for policy as opposed to a rule, based on earlier 
experiences in this area. 
Moreover, Friedman and Kuttner (1996), have criticized inflation targeting first be- 
cause they believe that it imposes a rigid rule on monetary policy and does not allow 
them enough discretion to respond to unforeseen circumstances13. It is also criticised 
for being an `inflation only' scheme, targeting and ignoring output and unemployment. 
On the other hand, Debelle (1999) points out that the inflation targeting framework is 
sufficiently flexibile to allow for a short-run trade off between output and inflation while 
at the same time maintaining medium-term price stability. He concludes that output 
stability has a definite role to play in inflation targeting. Svennson (1998) argues that 
inflation targeting is more than using a reaction function that responds in deviation 
between inflation and its target. First, because the central bank uses much more in- 
formation in setting its instrument and secondly because targeting only one variable is 
inefficient. He states that it is better for the central bank to respond to both inflation 
and output by having a `flexible' rather than `strict' inflation targeting. Inflation tar- 
geting seems to be a commitment to a systematic and rational monetary policy, better 
than any other monetary regime so far, stabilizing not only inflation but output as 
12Kydland and Prescott (1977), Barro and Gordon (1983). 
13This criticism has featured prominently in the rules-versus-discretion debate. 
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well. According to analytical studies on inflation targeting of Cukierman (1995) and 
Svensson (1996,1998,1999). An ideal policy rule (encapsulated in reaction function of 
the model) captures the central bank's general preferences in terms of bringing inflation 
to target within an acceptable time frame, without causing unacceptable deviations in 
output from potential or unacceptable movements in the monetary instruments. De- 
belle and Fisher (1994), provides evidence that there is a positive relationship between 
output and inflation variability, its strength depending on the weight put on output 
stabilization in the objective function. Svensson (1996) points out that the weight on 
output stabilization in the central bank's loss function is directly related to the rate 
at which inflation is adjusted towards the inflation target. With a positive weight, the 
inflation rate is adjusted gradually to the inflation target, having at a slower rate a 
larger weight, sustaining the results of Batini and Haldane (1999), and Debelle (1999). 
Debelle (1999) evaluates the performance of different monetary policy rules in terms 
of their effect on inflation and output. He concludes that the Taylor rule outperforms 
other monetary policy rules regarding the reduction of both inflation and output vari- 
ability (nominal income level rule, nominal income growth rule, price level rule, Taylor 
rule, inflation-only rule, change rule). For this reason, attempts to achieve an improved 
Taylor rule have been made, including forward-looking variables, exchange rate or fore- 
cast values of output and inflation. An extended discussion of monetary policy rules 
including the Taylor rule was presented in the previous section if this chapter. 
Providing a nominal anchor for policy and the economy and dealing with the time 
inconsistency problem are major changes in the way the conduct of monetary pol- 
icy takes place. Another aspect in which inflation targeting is changing direction is 
credibility. 
Returning to the time consistency issue articulated by Kydland and Prescott (1977), 
Barro and Gordon (1983) and Calvo (1978), there is a suggestion that central bank 
secrecy may have a motive: to evade political pressure to pursue over-expansionary 
monetary policy that aims to exploit the short-run trade off between employment and 
inflation. 
If the central bank is independent of the political process there are two approaches 
to this problem. 
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1. Appointing conservative central bankers, as suggested by Rogoff (1985)14, is a 
way of tackling this problem. 
2. Another solution is to focus on the long run and "just do it", as McCallum (1995) 
proposed. 
As seen so far, starting with the implementation of inflation targeting in 1990, a 
different direction has been taken by central banks in tackling the time-inconsistency 
problem. It is acknowledged that a successful monetary policy relies heavily on the 
credibility of the central bank. Inflation targeting promotes a vast increase in trans- 
parency regarding inflation objectives which implies regular communication with the 
public. 
Among the benefits of transparency achieved by explicitly announcing their objec- 
tives on the inflation front, the central banks: 
1. Have been able to increase their credibility and anchor inflation expectations. 
2. Were helped to achieve not only low and stable inflation but also decreased output 
volatility. 
3. Gained increased public support. 
However, things can be taken a step further, as Mishkin (2004) suggested, by raising 
the question of whether transparency will still be beneficial if it is pursued to a too high 
level. He argues that transparency is beneficial as long as it provides straightforward 
communication with the public and facilitates the central bank's conduct of monetary 
policy optimally, through a proper focus on long-run objectives. Increased transparency 
can make the communication process more difficult and therefore reduce support for 
the central bank focus on its long-run objectives. This may occur especially if the 
central bank is announcing the objective function or projection of the path of the 
policy interest rate. Therefore, a problem that has to be solved is finding the optimal 
level of transparency for various conditions of the state of the central bank and/or the 
economy that can be met. 
14more weight is put on controlling inflation relative to output than does the general public, thus 
resisting inflationary policies. 
39 
Nevertheless, inflation targeting has the potential to serve two important functions 
which work together to improve the credibility of the central bank: 
1. To improve communication between policymakers and the public. 
2. To promote increased discipline and accountability for monetary policy. 
Comprehensive surveys describing the practical experience of countries operating 
under inflation targeting (Leiderman and Svensson (1995), Haldane (1995), Almeida 
and Goodhart (1998)), provide evidence that in terms of communication, the announce- 
ment of inflation targets clarifies the central bank's objectives for markets and for the 
general public, reducing uncertainty about the future course of inflation. 
However, although popular and successful, inflation targeting still brings issues that 
need to be discussed. Debates15 around the topic of inflation targeting are related to 
the fact that in many countries, there has been a shift in focus from how to achieve low 
inflation to how to conduct monetary policy in a low and stable inflation environment, 
in `an era of price stability' as Svensson (1999) stated. There is the question of whether 
the central banks benefit from greater operational flexibility or face new constrains in 
such an environment. Central banks have more freedom to concentrate on short-run 
economic problems without compromising long-run price stability. However, this may 
become more difficult as nominal interest rate come close to zero. 
According to King (1999), the main problem is to find the optimal inflation target 
and to reduce short-run output variability. Ile is sceptical regarding the possibility 
of a short-run trade-off between inflation variability and output variability without 
compromising the long-run goal of price stability. 
Fischer (1999) notes that despite the general agreement about the long-run strat- 
egy for monetary policy, much work needs to be done on short-run policy implementa- 
tion. In particular he suggests that more effort should be directed to quantifying the 
short-run trade-off between inflation and unemployment and between inflation and the 
exchange rate, as well as the relationship of these trade-offs to the long-run goal of 
price stability. 
"New Challenges For Monetary Policy, A Symposium Sponsored By The Federal Reserve Bank of 
Kansas City, 1999. 
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The problem of price-level versus inflation rate targeting is widely discussed. Svens- 
son (1999) gives consideration to price-level targeting as a potential substitute for in- 
flation targeting, as suggested by Taylor (1999). Woodford (2003) agrees with this 
and furthermore, provides additional reasons for price-level targeting that might have 
theoretical and practical advantages over inflation targeting. King (1999) discusses 
the idea of price level targeting while suggesting that a price-level targeting or average 
inflation-rate targeting in which the price-level is stabilized around a trend might be 
more appropriate than a strict price-level target. Therefore, given these main debates 
summarized by King (1999), the objectives of monetary policy in a low inflation world 
are: 
1. Finding the optimal inflation target. 
2. Finding a way to stabilize output and unemployment. 
3. Finding out whether to target prices or inflation. 
Concerning the first objective, there are discussions regarding whether the target 
inflation rate should be zero or positive. The case of a zero inflation target discussed by 
Svensson (1999), King (1999), Metlzer (1999), Mankiw (2001) is a significant problem, 
even though here there is also the problem of inflation measurement. This emphasises 
once again that when there is a high rate of inflation, the differences between methods 
of measuring inflation are not so significant but when the rate of inflation is low, they 
become more important. There are debates going on to determine whether there is a 
measure to fully capture relevant information to the monetary policy setting. However, 
the consensus is in favour of a small positive inflation rate. Targeting an inflation 
greater than zero allows the real interest rate to become negative, which offers the 
central bank the possibility of creating a negative interest rate as and useful tool for 
stimulating the economy in recession by stimulating spending. Evidence in this case is 
offered by Japan who has been stuck in a "liquidity trap", while the monetary policy 
has had no effect. Mankiw (2001) argues in favour of a positive inflation rate, drawing 
attention not only to the fact that it avoids the liquidity trap but also because it 
"greases the wheels" of the labour market, as inflation makes labour markets work 
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betterls 
There are two main reasons for the second objective. The first concerns the signifi- 
cance of downwards nominal rigidities in wages and prices (Yates (1998), King (1999)). 
The second concerns the fact that the nominal interest rate can not fall below zero. 
A fall below zero may constrain monetary policy in times of recession, resulting in a 
"liquidity trap" (King (1999), McCallum (2001)). Svensson (1999) argues that trans- 
parent inflation targeting that incorporates a moderately positive inflation target is 
the best way of avoiding this. Consequently, studies like Fischer (1993), Judson and 
Orphanides (1996), Hess and Morris (1996), Lucas (2000), Braumann (2000), whose 
study is based on the evidence of 17 countries, have emphasized the advantages of low 
inflation and the negative impacts of high inflation, in terms of low productivity, lower 
rates of growth and its costs. They all conclude that even a moderate rate of inflation 
is harmful to economic efficiency and growth. The aim of monetary policy is low and 
stable inflation in the long run. This is an important feature of economic growth. 
2.3.2 Inflation Targeting's Framework 
As suggested by Masson, Savastano and Sharma (1997), Debelle, Masson, Savas- 
tano and Sharma (1999), Bernanke, Laubach, Mishkin, Posen (1999), Masson (1999), 
Mishkin (2000), Schaechter, Stone and Zelmer (2000), an approach to inflation target- 
ing can be undertaken from the point of view of the frameworks involved, namely the 
institutional and operational frameworks. Therefore, aspects of the institutional frame- 
work, focusing on the legal framework of the central bank and the design of inflation 
targeting will be presented. This will be followed by a presentation of the operational 
framework and of issues regarding the actual implementation of inflation targeting. 
16Mankiw (2001), p: 13. "The supply and demand for different kinds of labour is always changing. 
Sometimes an increase in supply or decrease in demand leads to a fall in the equilibrium real wage 
for a group of workers. If nominal wages can't be cut, then the only way to cut real wages is to allow 
inflation to do the job. Without inflation, the real wage will be stuck above the equilibrium level, 
resulting in higher unemployment". 
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Institutional and Operational Frameworks 
The institutional framework is characterized by two main points: 
1. A central bank legal framework. 
2. The design of inflation targeting 
a. Central Bank Legal Framework 
Firstly, the main goal has to be price stability and secondly, the central bank has to 
be able to conduct monetary policy benefiting from instrument independence (central 
bank should be free to set its instruments). 
" The first pre-requisite is a reflection of the fact that there is no long-run trade-off 
between output and inflation and that inflation is the only variable monetary 
policy can influence in long-run. Commitment to price stability is now seen as 
a key condition for achieving a broader economic stability (King, 1999), even 
though it is accompanied by fluctuations in output and unemployment. 
. Regarding the second pre-requisite of the central bank's legal framework, as a 
practical aspect regarding the first requisites, according to Debelle, Masson, 
Savastano and Sharma (1999), Mishkin (2000), no central bank is entirely in- 
dependent of the influence of government, although it should have complete in- 
dependence and exclusive control in setting its monetary instruments. 
Political consensus in favour of a low inflation must be accomplished and price 
stability must be defined as the main goal of the central bank, although other goals 
of monetary policy (employment, output) may conflict with it. This needs legislative 
support for an independent central bank and there also has to be a clear distinction 
between politicians and board policymakers of the central bank. Subsequently, the 
monetary authority needs to have the ability and the willingness to target only one 
indicator (Masson, Savastano, Sharma (1997)). 
b. Design of Inflation Targeting 
In order to implement inflation targeting, the framework of inflation targeting must 
be designed. This is realised by the determination of the target of inflation that is 
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going to be announced, the establishment of target horizons, price index, point range 
(or target range) and of the methods to prove and discuss the accountability and 
transparency methodology. Within a survey of the design of inflation targets in inflation 
targeting countries, a distinction has been drawn between those for developed and 
developing countries. 
1. Announcement of target consists of establishing explicit quantitative targets for 
inflation targeting in the future and stating clearly to the public that inflation 
targeting takes precedence over all the other objectives of monetary policy. There 
also has to be communication with both people and government. It should be 
announced by the government or jointly by the government and the central bank. 
2. Target horizon that consists in the period of time in which the inflation target is 
to be reached. 
3. Price index - the consumer price index for most emerging market countries and 
core inflation for most developed countries. An important issue for discussion 
is the choice of the full inflation rate as a reference for the target and not core 
inflation. Choosing CPI instead of domestic inflation (GDP deflator), stabilizes 
both the domestic inflation and the real exchange rate. 
4. Formal escape clauses - only used by certain countries (for example Brazil). 
5. Point range or target range - target range is preferred by most countries given the 
uncertainties associated with hitting targets. Point targets have been adopted in 
some cases to focus inflation expectations. 
6. Accountability and transparency methodology - implying press releases on policy 
changes, regular inflation outlook reports, active dialogue with the private sector, 
and in some cases, publication of inflation forecasting models. A final issue is the 
transparency of the inflation-targeting framework. As part of the initial setting, 
an effective communication process was established so that the population will be 
able to understand and monitor the decisions of the central bank and know the 
reasons why forecasted and accumulated inflation may deviate from the target. 
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The operational framework consists of: 
" Quantitative economic models for inflation forecasting. 
" Policy transmission channels. 
" Policy implementation. 
Practical Aspects. From the point of view of practical aspects, inflation target- 
ing varies widely regarding its implementation features, including target price index, 
target width, target horizon, escape clauses, accountability of target misses, goal in- 
dependence, and overall transparency and accountability regarding conduct of policy 
under inflation targeting. 
The concept of full-fledged inflation targeting is based on five pillars: 
1. An institutional commitment to price stability. 
2. Absence of fiscal dominance. 
3. Absence of other nominal anchors. 
4. Policy instrument independence. 
5. Policy transparency and accountability. 
If these five conditions are satisfied, then there is effective conduct of monetary 
policy under inflation targeting. Some countries adopted inflation targeting without 
satisfying all five conditions. Brazil however adopted full-fledged inflation targeting 
from the beginning. The Bank of England started inflation targeting well before ob- 
taining instrument independence, while Colombia, Israel, Korea, Mexico and South 
Africa have not published inflation forecasts (Christoffersen and Wescott (1999)). Re- 
garding the assignment of the inflation targeting, Australia, Finland and Sweden's 
central bank did not have endorsement from the government when they announced 
the inflation target, while in Canada and New Zealand the target was the result of 
an agreement between the Ministry of Finance and the governor of the central bank. 
Regarding the inflation rate at the moment of adoption, the highest rate was registered 
by Chile (20%) followed by Israel (18%) and the lowest by Australia (1.8%). 
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The horizon of inflation targeting (which depends on the inflation rate at the time 
when the policy is adopted) varies within countries. In the disinflation process in 
Canada and New Zealand, the authorities specified an horizon of 18 months for reach- 
ing the target, reducing it to 12 months for New Zealand in the next step. The targets 
were set in both countries for 5 years from the moment when inflation was reduced. In 
Australia, the time horizon for the inflation targeting was the length of the business cy- 
cle. The success of New Zealand and Canada in adopting inflation targeting to achieve 
disinflation, convinced the UK, Finland, Sweden and Australia to adopt inflation tar- 
geting, although the inflation rate in these countries was not as high in comparison 
with New Zealand and Canada (Debelle, Masson, Savastano and Sharma, 2000). Re- 
garding the specification of the width of the target band (because of the imperfect 
control of the monetary policy over the inflation rate), a narrow band usually means 
a strong commitment to the inflation target, as it has a close relation with credibility. 
Australia and Finland have focused on a particular point target for the inflation rate, 
while Canada, New Zealand, Sweden and UK specified a range for the inflation rate. 
The Spanish monetary authority specified the target in terms of a ceiling. 
2.3.3 Adopting Inflation Targeting in Transition Countries - 
A Credibility Issue 
According to Taylor(1999) and Svensson (1997c), inflation targeting is implemented 
by adopting monetary-policy rules defined by Svensson (1999) as a "prescribed guide 
for monetary policy conduct", on the way to achieve price stability. However, the 
implementation of inflation targeting is difficult due to the imperfect control of inflation, 
knowing that it reacts to changes in the monetary policy instrument with long and 
variable lags, since inflation is affected also by other factors than monetary policy. In 
transition economies, the length and the variability of these lags are bigger due to the 
specific economic circumstances and perhaps mainly because of lack of credibility. It 
appears that the adoption of inflation targeting in transition economies does not bring 
only advantages as there are also preconditions for the successful implementation of 
inflation targeting. 
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Advantages and Disadvantages of Inflation Targeting 
Comparative studies of inflation targeting and non-inflation targeting countries of 
Corbo, and Schmidt-Hebbel (2000) and Mishkin and Schmidt-Hebbel (2000) present 
the achievements recorded by the countries who adopted inflation targeting. Mishkin 
(2000), Mishkin and Schmidt-Hebbel (2000) and Debelle, Masson, Savastano and 
Sharma (1999) point out the advantages and disadvantaged of implementing this frame- 
work in transition countries. 
As regarding the advantages of inflation targeting Mishkin (2000) states that infla- 
tion targeting: 
" Uses all the information to determine the best instrument for the monetary policy. 
" Reduces the possibility of the central bank falling into the trap of time-inconsistency. 
. Also sets the goals of the central bank in the long run regarding what it can do 
and not what it cannot (controlling inflation instead of raise output). 
Masson, Savastano and Sharma (1997) state that inflation targeting helps in reduc- 
ing sacrifice ratios and output volatility by guiding inflation expectations. Inflation 
targeting does not reduce inflation expectations quickly but gradually over time. It 
also strengthens forward-looking expectations on inflation, weakening the weight of 
past inflation inertia. 
According to Mishkin (2000), four of the disadvantages of implementing inflation 
targeting in transition countries namely rigidity, too much discretion, the potential to 
increase output instability and the possibility of lower economic growth are not too 
troublesome, while three others provide more serious problems: 
1. Due to the fact that inflation is difficult to control, the accountability of the 
central bank can be very weak, especially in cases where there are long lags from 
monetary policy instruments to the inflation outcome. 
2. Inflation targeting cannot prevent fiscal dominance, as discussed by Masson, 
Savastano and Sharma (1997). Although there is an inflation targeting regime, 
it is not necessarily true that the fiscal policy will be an adequate one. If it is 
not, this will lead to high inflation. The absence of fiscal dominance is crucial for 
a successful inflation targeting strategy. 
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3. A third disadvantage is the instability brought by exchange rate flexibility, which 
is one of the requirements of inflation targeting. 
Given that the results of changing the instrument settings can be seen only after 
a considerable lag, inflation forecast errors are significant and inflation targets tend to 
be loosened. In this case, it is problematic for the central bank to maintain the neces- 
sary credibility for an inflation targeting strategy. Therefore, in order to improve the 
credibility of the central bank and to make the successful implementation of inflation 
targeting smoother and faster, several preconditions must be fulfilled. 
Preconditions for Implementing Inflation Targeting in Transition Economies 
According to Masson, Savastano and Sharma (1997), Debelle, Masson, Savastano and 
Sharma (1999), the preconditions for implementing inflation targeting in transition 
economies are: 
1. First, the central bank has to be able to conduct monetary policy with some de- 
gree of independence. Institutional commitment to price stability is the primary 
goal of the central bank. Price stability must be the primary goal when there 
are conflicts with other goals. This needs legislative support for an independent 
central bank and also there has to be a clear distinction between politicians and 
board policymakers of the central bank. 
2. The second requirement is that the monetary authority needs to have the ability 
and the willingness to target only one indicator. Here is all about credibility. If 
a country chooses to target for example the fixed exchange rate, all the other ob- 
jectives are subordinated to the exchange rate, the policymakers being unable to 
operate an inflation target system. In this situation, the public has no assurance 
about which of them will receive precedence and neither of the two policies can 
have the needed credibility for success. 
3. Third, there are the preliminary conditions a country needs to meet in order to 
be able to implement inflation targeting. 
" First, it has to establish explicit quantitative targets for inflation targeting 
some periods ahead. 
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9 Second, to state clearly to the public that inflation targeting takes prece- 
dente over all the other objectives of monetary policy. 
9 There also has to be communication with people and frequent communica- 
tions with the government. 
. Moreover a model or methodology has to set up for inflation forecasting and 
to have a forward looking operating procedure in which monetary policy 
instruments are adjusted in order to hit the chosen target. 
" One of the requirements of inflation targeting is a flexible nominal exchange 
rate and for this, fluctuations are inevitable. Developing countries have to 
be careful to subordinate this problem to the inflation objective in order to 
obtain a successful inflation-targeting regime. 
Smidkova and Hrncir (2000) divided the factors that determine a successful imple- 
mentation of inflation targeting in a transitional country in three categories: 
1. Preconditions: preference for price stability, an adequate macroeconomic and 
institutional framework, sufficiently accumulated know-how of the central bank. 
2. Domestic constraining factors: an insufficient legal framework, incomplete infor- 
mation on the medium term reform strategy. 
3. External constraining factors: international financial turbulence, large changes 
in world prices. 
As can be seen, one of the main issues in adopting inflation targeting is the lack 
of credibility without which inflation targeting can not be successful. However, helped 
by the initial implementation of the necessary preconditions, credibility is gained over 
time through committed and consistent policy. 
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2.4 The Conduct of Disinflationary Monetary 
Policy Under Imperfect Credibility and the 
Optimal Speed of Disinflation 
One of the aims of this thesis is to discuss the effects of imperfect credibility on output 
and on the optimal speed of disinflation in a transition to price stability. Two main 
areas of debate are of interest for this thesis. 
First, Ball (1994) presented a result which generated a great deal of debate. He 
demonstrated that a contractionary monetary policy with staggered price settings can 
give rise to a boom in output in conditions of perfect credibility (rational expectations). 
In data, this has hardly been the case. Therefore, much attention has been given to this 
result which needs to be elucidate. Indeed, with the onset of the rational expectations 
revolution, an increased interest in the credibility of monetary policy, to which this 
is in part related, started to occur. As mentioned earlier, under the assumption of 
rational expectations, a completely credible central bank can engineer a disinflation 
without any adverse effects on output. But central bank credibility still matters even 
though expectations are less than fully rational. 
Second, the New-Keynesian sticky price framework appears to be empirically in- 
effective in generating the adequate inflation and output persistence. This has been 
addressed by Phelps (1979), Taylor (1983), Ball (1994), Fahrer and Moore (1995). 
A set of innovations has been forthcoming attempting to develop the New Keynesian 
framework so that it offers a better empirical fit and to address Ball's problem. One 
of them is the implementation of imperfect credibility and learning (Andolfatto and 
Gomme (1999), Hugh and Lansing (2000), Erceg and Levin (2001)). This chapter 
will present a review of some of the literature concerned with study of the effects of a 
disinflationary monetary policy when policy makers are committed to price stability in 
the strict sense of achieving and maintaining a constant price-level, under both perfect 
and imperfect credibility. A disinflationary monetary policy like the one mentioned 
above, under perfect credibility is not uncommon in the literature (Ball (1994), Ireland 
(1997), King and Wolman (1999) and Khan, King and Wolman (2003)). The analysis 
takes place in an environment where the supply-side of the economy is characterized by 
monopolistically competitive firms, and where there is rigidity in the setting of prices. 
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Recent research has revealed much about the effects of monetary contraction in such 
an environment. For the purpose of this research, three broad results stand out from 
this work and are going to be the focus of this thesis. 
1. First, in the periods following a contraction in the money stock, real output is 
likely to fall below its (now altered) long-run equilibrium level. 
2. Second, a gradual disinflation may actually result in output, after its initial 
decline, rising above its new steady-state level and remaining there for some 
time. 
3. Finally, it is optimal to end high inflations quickly, low inflations gradually, and 
maintain inflation at or near zero, thereafter. 
Important precursors to the analytical foundations of these results are contained in 
Danziger (1988), Benabou and Konieczny (1994) and Lucas and Stokey (1983), while 
the contributions of Sargent (1982) and Gordon (1982), as emphasized by Ireland 
(1997), provide an important focus on policy implications of differential speeds of 
disinflation. 
Ireland (1997), as many others, assumes perfect foresight (or rational expectations). 
This assumption is appropriate when one wishes to analyse an economic model in, or 
in a close neighbourhood of, an unchanging steady state. However, this assumption of 
perfect foresight may be less attractive when one wishes to analyse the effects of `large' 
changes in policy. This is due to the reason that the steady state of the model may 
well be changing and, in addition, policymakers may not enjoy complete credibility. 
However, it would be interesting to examine the effects of a disinflationary monetary 
policy when policymakers initially do not enjoy complete credibility, and where the 
steady state of the economy is changing. 
Two important recent contributions address some of these issues. The first is Ball 
(1995). He demonstrates that if credibility is sufficiently low, a period of disinflation 
may lead to expected output losses. In his model agents harbour a nagging suspicion 
that the authorities will renege and give up on the path of disinflation. He models 
agents' scepticism as a constant conditional probability of reneging. This may be a 
somewhat rigid way of modelling the evolution of agents' priors. 
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This way of modelling imperfect credibility is not uncommon in the literature. 
For example, Almeida and Bonomo (2002) using endogenous state-dependent rules to 
examine output costs of monetary disinflation, treat briefly the case of imperfect cred- 
ibility modelled in this manner. This is also employed by Bonomo and Carvalo (2004) 
who examine the output effects of monetary disinflation in a model with endogenous 
time-dependent pricing rules and imperfect credibility of the disinflation policy. They 
find that these features interact to generate an additional effect on top of the ones 
obtained with either endogenous time-dependent rules (Bonomo and Carvalho (2004)) 
or imperfect credibility (Ball (1995)) which consists in higher output costs of monetary 
disinflation. 
However, although popular, this manner of modelling imperfect credibility is not 
the most appropriate, as it may be a somewhat rigid way of modelling the evolution of 
agent's priors. This is due to the fact that on one hand, as the disinflation proceeds, it 
is plausible that agents accord increasing weight to the announced path for the money 
supply. On the other hand, perhaps as the disinflation proceeds and the extent of 
nominal rigidity in the economy optimally rises, the authorities may be more likely 
to renege (to exploit a flattening of the Phillips curve). It can be argued that both 
these cases seem intuitively plausible. Therefore, this thesis suggests and implements 
a new way of modelling this, by adopting an `expectations updating rule' that nests 
both these alternatives, as the distinction between these two cases can be important. 
This will also allow the study of the impact of a temporary lack of credibility during a 
disinflationary policy. 
The second important recent contribution is by Ireland (1995). He also finds that 
higher output losses are the price of imperfect credibility during a period of disinfla- 
tion. However, the attainment of price stability is desirable (i. e., welfare enhancing) 
in general, except when the loss of seigniorage is replaced in the low inflation state 
by a rise in other distortionary taxes. Once again, his modelling of the expectations 
formation process misses the effects mentioned above. 
Moreover, Ireland (1997) calculates of the optimal speed of disinflation for the case 
of perfect foresight. He reconciles two major contributions to the literature, Sargent 
(1982) and Gordon (1982), which express two opposite views on this issue. Gordon 
(1982) states that disinflation should be done gradually in order to be realised with 
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minimal output loss, while Sargent (1982) argues that only by proceeding to immediate 
disinflation, can the output loss is minimized. Ireland (1997) reconciles these two 
views, stating that small inflations should be stopped gradually, while big inflations 
immediately. Extending Ireland's (1997) calculation of the optimal speed of disinflation 
to the case of imperfect credibility appears to be an interesting research question. It 
can be enquired whether or not imperfect credibility materially impacts on the optimal 
speed of disinflation, as compared to perfect foresight. 
2.5 Conclusions 
The literature reviewed for the purpose of this thesis discussed three main areas. These 
areas spoke to the issue of imperfect credibility in monetary policy. The first topic 
discussed was that of monetary policy rules which when implemented, may improve 
the credibility and the effectiveness of monetary policy. The second related topic is 
that of inflation targeting. 
The third topic, moving towards a more detailed analysis of an economy, discusses 
some of the important recent contributions regarding the conduct of a disinflationary 
monetary policy. The focus is on the behaviour of output and on the optimal speed of 
disinflation in conditions of imperfect credibility. 
Two main conclusions arise from this literature review. The first conclusion is 
with regard to the impact the implementation of monetary policy rules and inflation 
targeting has in addressing the problem of imperfect credibility. The second, which 
lead to the identification of the research questions to be explored in this thesis, is that 
although research on the disinflationary monetary policy under imperfect credibility has 
been conducted, little has been said about the behaviour of output in an environment 
in which there is a temporary lack of credibility. In addition, there is needed a more 
flexible way of modelling imperfect credibility than so far seen in the literature. Also 
the behaviour of the optimal speed of disinflation under a temporary lack of credibility 
has not been explored so far in the literature and is a topic discussed in this thesis. 
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Chapter 3 
The Model 
3.1 Introduction 
Chapter 2 of this thesis consists of a review of the literature concerning imperfect 
credibility. The first section discusses monetary policy rules as a remedy for imper- 
fect credibility, while the second section is dedicated to inflation targeting, a monetary 
policy regime meant to address the drawbacks imperfect credibility holds on the con- 
duct of monetary policy. The final section presents a discussion of the literature which 
analyses a disinflationary monetary policy when the policymakers are committed to 
price stability, emphasizing the effect of imperfect credibility on output and also on 
the optimal speed of disinflation. Therefore, an interesting aspect to examine is the 
impact of a temporary lack of credibility during a transition to price stability in terms 
of an actual economy. More specific, to see how costly this would be in terms of output 
loss. To explore this, a New Keynesian model with sticky prices as in Ireland (1997), 
King and Wolman (1999), Khan, King and Wolman (2003), has been employed. This 
will be the `backbone' of this thesis having been adopted to study the impact of a 
temporary lack of credibility in a transition to price stability on the output (Chapter 
6) and on the optimal speed of disinflation (Chapter 7). 
The model, among whose special features is that it combines time dependent strate- 
gies with state dependent strategies, allows to study the effects of a disinflationary mon- 
etary policy on output and the optimal speed of disinflation when policy makers are 
committed to price stability in the strict sense of achieving and maintaining a constant 
price-level. Important precursors of the analytical foundations of these results are con- 
tained in Danziger (1988), Benabou and Konieczny (1994), Lucas and Stokey (1983), 
while the contributions of Sargent (1982) and Gordon (1982), as emphasized by Ireland 
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(1997), provide and important focus on policy of differential speeds of disinflation. 
The analysis takes place in an environment where the supply-side of the economy 
is characterized by monopolistically competitive firms, and where there is rigidity in 
the setting of prices. Recent research has revealed much about the effects of monetary 
contraction in such an environment. Key papers that develop results based on this 
class of model are Ball (1994), Ireland (1997), King and Wolman (1999) and Khan, 
King and Wolman (2002). However, no work have been done so far to explore the 
effects of imperfect credibility in a framework like the one described by this model. 
This will be the focus of this thesis. More specific, the effect of a temporary lack of 
credibility on output and optimal speed of disinflation will be studied. This has been 
realised by bringing an innovation to the model in order to incorporate the case of 
imperfect credibility. This will be presented in more depth in Chapter 4. 
The outline of the chapter is as follows: Section 3.2 presents the representative 
agent side of the model, followed by the corporate sector in section 3.3, which describes 
the single and two price strategies employed by the agents in setting their prices and 
also in steady state conditions. The disinflation policy employed by the authorities is 
described in section 3.4 and the parametrization of the model in section 3.5. 
3.2 The Representative Agent 
The economy consists of many identical consumers. In each period a representative 
agent makes plans for consumption and leisure/labour so that (expected) present dis- 
counted value of utility is maximized. 
It is assumed that the current period utility function of the representative household 
takes the iso-elastic form, 
00 1a 
Ut(Ct, Nt)=EoZßt{Ctl-a 1 _-yNt1 ary>0, (3.1) 
t-o J 
where, Ut : R+ x R+ --> R, is separable in consumption, Ct, and labour supply, Nt. 
QE (0,1) is a discount factor. Following Dixit and Stiglitz (1977), Ct is defined over a 
continuum of goods: 
1 
6_1 bbl 
Ct =f% ct b (i) dil b>0, (3.2) 
where ct(i) denotes, in equilibrium, the number of units of each good i from firm i 
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that the representative agent consumes. b is the price elasticity of demand. pt(i) is 
the nominal price at which firm i must sell output on demand during time t. The 
Dixit-Stiglitz aggregate price level Pt at time t is then given by: 
1 
[Il 1-6 
pt-6 (i) di] (3.3) 
Let Nt be given by: 
r1 Nt =J nt (i) di, 
0 
where nt(i) denotes the quantity of labour supplied by the household to each firm i, 
at the nominal wage Wt, during each period. This assumption means that households 
effectively supply a portion of labour to all firms. The reason why such an assumption 
is needed (and the one below regarding the representative agent's share portfolio) is to 
ensure that the marginal utility of wealth equalizes across agents. 
Each period, the representative agent faces a budget constraint of the following 
sort: 
f11 [Qt (i) St-1 (i) + Dt (i) + lVtnt(i)] di > 
fo [Pt (i) ct (i) + Qt (i) St (i)] di. (3.4) 
Here Qt (i) denotes the nominal price of a share in firm i, st denotes the quantity of 
shares, I (i) di = Dt(i)st(i), where Dt(i) is the dividend associated with a unit share, 
and fö Pt (i) ct (i) di = PtCt denotes total nominal expenditure. It is assumed that for 
t=0, s_1(i) = 1, for all iE [0,1]. In effect, then, it is assumed that each household 
owns an equal share of all the firms for each good i. The constraint (3.4) says that each 
period (and, under uncertainty, in each state of nature) income (financial plus labour) 
can be worth no less then the value of expenditure (on non-durable consumption plus 
financial investment). The household problem is to choose et (i), nt(i), st(i) and aggre- 
gate consumption Ct, so as to maximize (3.1) subject to the sequence of constraints 
(3.4) and the relevant initial and transversality conditions. Optimal household behav- 
iour is described by the requirement that household consumption spending must be 
optimally allocated across differentiated goods at each point in time (i. e., the optimal 
ct(i)). It can be shown therefore, that the Dixit-Stiglitz preference relation requires 
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that purchases of each good i satisfies: 
CptW ct(i) = Ct f1 1't (3.5) 
As in Ireland (1997) it will simplify things somewhat if the aggregate nominal 
magnitudes are determined in equilibrium by a quantity-type relation: 
fi Pt (i) ct (i) di = PtCt. (3.6) 
An interior optimum for the agent's problem will include (3.4) with equality, (3.5) 
for all i, (3.6) and the following conditions: 
C'-' - At pt) (3.7) 
ry = )twt. (3.8) 
And for all i 
Qt(i) = Dt(i) +, ßEt(At+, /At)Qt+i(i), (3.9) 
where At is unknown multiplier associated with (3.4). 
We denote: 
Mt 
= 9t, (3.10) Mt-1 
as the rate of nominal money growth. The level of real balances is given by: 
Pe =Yt 
In equilibrium, the aggregate consumption Ct must at all times equal the level of 
real balances. 
Ct=Yt. 
3.3 The Corporate Sector 
(3.11) 
There is a continuum of firms indexed by i over the unit interval, each of them producing 
a different, perishable consumption good. So, goods may also be indexed by i r= [0,11, 
where firm i produces good i. 
Each firm i sells shares, at the beginning of each period t, at the nominal price Qt (i), 
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and pays, at the end of the period, the nominal dividend Dt(i). The representative 
household trades the number of shares that it owns, st(i), in each of the firms, at the 
end of each period t. Under market clearing, st(i) = 1, Vi E [0,1], in each period. 
Firms are able to change prices each period, subject to a fixed cost. As a consequence, 
in equilibrium firms will not necessarily be willing to change prices in each period. 
The criterion for a price-setting decision at time t is to maximize the returns to the 
shareholders. 
At time t it is assumed that firms are divided into two categories, so that for 
t= 21,1 E Z+, firms from the first set can freely change their price for output, pl, t(i). 
The firms belonging to the second set, meanwhile, must sell output at the same price 
set a period before, p2, t(i) = p2, t-1(i), unless they pay the fixed cost k>0, measured 
in terms of labour. This cost may be thought of as being associated with information 
collection and decision making. For t= 21 + 1, the roles are reversed and the first set 
of firms keeps prices unchanged, pl, t(i) = pl, t_1(i) unless they are willing to pay the 
fixed cost k, while the second set of firms, can freely set new prices. 
The model assumes that firms are constantly re-evaluating their pricing strategy, 
weighting the benefits of holding prices fixed versus the alternative of changing prices 
and incurring the fixed penalty. However at moment t the firms belonging to the set of 
firms that can freely change price are able to choose between two strategies, depending 
on whether the inflation rate is moderate or high. At more moderate rates of inflation 
or in the face of gradual changes in the monetary stance, they are more likely to keep 
their prices constant for two periods and hence avoid the cost k (single price strategy). 
On the other hand, in the case of high inflation or in the face of sharp changes of the 
monetary stance, firms are more likely to choose a new price and pay the cost k (two 
price strategy). 
A simple linear production technology is assumed yt(i) = lt(i) where yt(i) and lt(i) 
are output of firm i and labour used to produce it, respectively. Let us denote aggregate 
output as Yt, then equilibrium profits at time t for firms i are given by: 
-6 
Dt(i) = [Pt(i) - tilt] 
(M) )I 
Ct - It(i)Wtk. (3.12) 
t/ 
While, in equilibrium, the units of labour supplied to each firm at nominal wage 
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Wt are given by: 
-6 
nt (Z) = yti-b 
r- z)1 
+ It (i)VV k, 
where It (i) 
0, if the firm pays the cost of price adjustment k at moment t; 
1, if the firm does not pay the cost k at moment t. 
3.3.1 Single price strategy 
Under this strategy, we may think of firm i choosing pt(i) so as to maximize the 
following expression: 
II(i)t = Dt(i) +, 3Et (fit+i/At) Dt+i(i), (3.13) 
which follows from (3.9) and implies that prices are set to maximize market value. It is 
set y=1, substitute (3.7), (3.8), the quantity equation and goods market equilibrium 
into (3.12). It then follows that the price of firm i that will be used for two consecutive 
time periods is: 
Zb 
Mt Ytb-1 + QEtM+1Yt+il 
pt() =b-1 Mt -iyb t -« + ýEtM1 
+i yb- 
(3.14) 
This equation is familiar to the New Keynesian economics. It states that the optimal 
price will be a function of current and future anticipated demand and costs conditions 
and where in a steady state price will be a fixed mark-up over marginal costs. As is 
familiar in models of monopolistic competition based on Dixit-Stiglitz preferences, the 
mark-up is constant and determined by the elasticity of demand (that is, tied down 
via the preference side of the model), the lower the elasticity, the higher the mark-up. 
3.3.2 Two price strategy 
In this case, the firm chooses the price pt(i) to maximize profits in each period: 
nt(i) = Dt(Z). 
The optimizing price in this case is given by: 
(3.15) 
pc (2) =bb1 YAf 
to 
. 
(3.16) 
Here it can be seen that prices are marked-up as before; now only current period 
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demand and cost conditions that are relevant. 
3.3.3 Steady-State 
In steady-state, money growth is constant, Ot = 0, and consequently, real money bal- 
ances Yt = Y, are constant. From equation (3.11), it is shown then that Ct = 1't =Y= 
C, so that aggregate output is constant as well. Similarly, it can be seen that Nt = N, 
any t. 
In steady state firm i may optimally choose its price strategy, either the one-period 
or the two-period strategy (depending on inflation). Furthermore, these steady state 
corporate decisions will be set out, along with those for aggregate output and aggregate 
employment for each of the two strategies. 
Single price strategy 
Using equation (3.14) the steady state price under the single-price strategy is: 
1ý(iý =bb 11 
+ ß0eb 
1ytM1. 
(3.17) 
The first set of the firms establish new prices at t= 21, while the second set of firms 
fix new prices at t= 21 + 1,1 E Z+. Hence, using the suitable relation of the price for 
each of the two strategies, it follows that the steady state aggregate output is: 
b1+ ßBh-1 2 1-b C= 
b- 11 +ßOb 
ci+ob_l)) 
Aggregate employment is then given by: 
b 
N_ C1-ab 
1 -I- B6 b1+ ßßob-1 
2b-11+ ßob 
Two price strategy 
Under the two-period strategy the steady state price for good i is: 
P(z)=bb1Yt- (3.18) 
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Steady state aggregate output: 
(b_1) 
C= 
In this case, aggregate employment is greater than the steady state value of the 
output due to the fixed cost of price adjustment paid by half of all firms in the economy. 
+ bJ2 
3.4 Disinflation Policy 
This section presents the sort of process for the money growth rate employed by the 
authorities to achieve disinflation over some horizon. This is the approach adopted in 
Ireland (1997), following Ball (1994). 
Specifically, at period 0, the authorities announce a path for the money supply, 
{Mt }t 
o, so that 
by time period T inflation will be zero. The superscript A indicates 
the `announced' level of the money supply. This announced path for the money supply, 
in turn, implies a gradual decrease in the growth rate of the money supply. 
According to (3.10), Ot denotes the growth rate of the money stock at time t. In 
this work there are studied processes for the money growth rate of the following type: 
- Bt = Bt-1 -e7, i (3.19) 
for any value of t from 0 to T-1, where 0_1 is equal to the initial rate of inflation, 
and where 0t>T = 1. So, a horizon of time T=1 entails immediate disinflation, while 
for T>1 the policymakers engineer a more gradual path towards price stability. 
3.5 Parametrization of the model 
The calibration of the model follows Ireland (1997). He follows the parametrization 
derived by Ball, Mankiw and Romer (1988) for the intertemporal elasticity of substi- 
tution a=0.1 and Rotemberg and Woodford (1992) for b=6, which corresponds to 
a benchmark value of 1.2 for the steady-state mark-up. Following Ball and Mankiw 
(1994), each interval of time in the model corresponds to a period of six months, de- 
termining the choice of ,6=0.97, which is consistent with an annual discount rate of 
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5%. k, the inflation rate for which the rigidity of individual goods vanish and firms 
switch form the single price strategy to the two price strategy, is chosen at the value 
of 0.1075. The values of the parameters used by Ireland (1997) and implicitly in this 
model, a, , ß, b, k, correspond to an acute case of disinflation. Finally, it is assumed 
7=1. 
3.6 Conclusions 
The New Keynesian model with sticky prices presented in this chapter has been em- 
ployed by Ireland (1997), King and Wolman (1999), Khan, King and Wolman (2003). 
It has also been adopted in this work to study the impact of a temporary lack of cred- 
ibility in a transition to price stability on the output (Chapter 6) and on the optimal 
speed of disinflation (Chapter 7). 
The reason behind this choice is twofold. First, it allows to study the effects of a 
disinflationary monetary policy on output and the optimal speed of disinflation when 
policy makers are committed to achieve price stability. The analysis takes place in an 
environment where the supply-side of the economy is characterized by monopolistically 
competitive firms, and where there is rigidity in the setting of prices. Second, although 
recent research has revealed much about the effects of monetary contraction in such an 
environment, no work has yet been done employing this model to examine the effects 
of temporary lack of credibility on either output or the optimal speed of disinflation. 
The manner in which imperfect credibility and implicitly a temporary lack of credi- 
bility have been modelled and implemented in this model will be presented in Chapter 
4. Chapter 5 will discuss the methodology employed for solving the new model. 
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Chapter 4 
Disinflation under Imperfect 
Credibility 
4.1 Introduction 
As discussed in Chapter 2, the assumption of perfect foresight may be less attractive 
when one wishes to characterize the path of output in a transition to price stability. 
Therefore, the current chapter presents a way imperfect credibility can be modelled in 
order to characterize the path of output in a transition to price stability for the case 
of imperfect credibility. 
Moreover, imperfect credibility has been modelled to incorporate the missing effects 
from the way imperfect credibility had been previously modelled by Ball (1995) and 
also Ireland (1995). As presented in section 2.4 of this thesis, Ball (1995) models agent's 
scepticism', in a way considered relatively rigid. In this thesis are considered two cases 
in which agents attach increasing or decreasing weight to the announced path of the 
money supply. 
Temporary imperfect credibility is modelled by introducing a way to capture the 
movement of the probability mass through time towards the central's bank announced 
money supply path. The evolution of the probability mass, which characterizes the 
agent's subjective expectations, is realized by implementing a learning process. What 
is meant by `learning' in this thesis will be specified in detail in this chapter. Moreover, 
there will be three different exogenous types of learning employed. Each of them 
captures different evolution paths describing the willingness of the private sector to 
believe the government's announcement about the money supply after the change in 
las a constant conditional probability of reneging 
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policy. There will be also an attempt to measure the degree of lack of credibility in 
the government's announcement during a disinflationary process. 
The outline of the chapter is as follows: Section 4.2 presents the way imperfect 
credibility is modelled. This section specifies the expectation updating rules employed 
in 4.2.1 and the concept of `learning' applied in this thesis in 4.2.2. Section 4.3 discusses 
the types of learning considered, starting with linear learning in 4.3.1. The debate 
concerning the case for non-linear learning is found in 4.3.2, followed by the two types 
of non-linear learning: concave in 4.3.3 and convex in 4.3.4. Subsection 4.3.5 presents 
the two types of non-linear learning in a nested process. Section 4.4 presents the 
way the degree of lack of credibility is quantified over a disinflationary process and its 
behaviour under each of the types of learning considered: linear learning in subsection 
4.4.1, concave and convex learning in 4.4.2 and 4.4.3 respectively. 4.4.4 comprises 
an analysis of the two non-linear types of learning in relation to the degree of lack 
of credibility. Conclusions are summarized in section 4.5. The chapter ends with an 
appendix which presents the solutions to some of the mathematics involved in sections 
4.4.3-4.4.5. 
4.2 Modelling Imperfect Credibility 
This section presents the manner in which imperfect credibility, which fades into perfect 
credibility due to learning, is modelled. This is achieved by defining how the private 
sector updates its expectations and by specifying what it is meant by learning and how 
it occurs. 
4.2.1 `Expectation Updating Rules' 
The policy employed by the monetary authority is to lower money growth linearly to 
zero, over some time horizon, T>1, according to (3.19). In this thesis, it is assumed 
that the private sector has its own expectations of the money supply and the level 
of the money supply employed in the model is given by an expectation updating rule. 
Regarding what the private sector is expecting to happen with the money supply in the 
future and in order to retain computational manageability, it is assumed that agents 
perceive only two possible outcomes: 
1. The monetary authority's announced path for the money supply. 
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2. A reversion to an alternative, more inflationary path for the money supply. 
Moreover, two obvious choices for the second alternative path have been modelled: 
(a) Agents perceive the authorities as reverting to the previous steady state 
inflation. 
(b) Agents fear that the government will `run out of steam' so that at time t 
(for 0<t< T) the growth rate of the money stock will be equal to the 
growth rate between t-1 and t. 
These two possible outcomes are incorporated in the set-up of the `expectation 
updating rules'. It is assumed that the expectations are formed as a weighted mean 
between the first possible outcome and each of the two alternatives of the second one. 
The first option is when agents perceive the authorities as reverting to the previous 
steady state inflation. This is given by the pervious period level of money supply, 
known by the private sector, adjusted by the initial rate of inflation. Algebraically, the 
expectation updating rule is as follows: 
Et+j-iMt+j = Pt+je-iMt+j-i + (1 - Pt+j) MA X4.1) 
The second option is when they fear that the government will `run out of steam' 
such that at time t (for 0<t< T) the growth rate of the money stock will be equal 
to the growth rate between t-1 and t. This is algebraically characterized as follows: 
Et+j-iMt+j = pt+jOt-i. N1t+j-i + (1 - pt+j) Mt+j (4.2) 
Furthermore, it will be assumed that the authorities in fact do stick to the an- 
nounced path for the money supply, so in practice (4.1) and (4.2) may be rewritten 
as: 
Et+j-iMt+j = Pt+jO-1ý'1t+j-1 + (1 - Pt+j) MA (4.3) 
or 
Et+j-iMt+j = Pt+jet-iAi+ý-i + (1 - Pt+j) M+ j+ (4.4) 
where pt is the probability mass characterizing agent's subjective expectations, with 
tE [0, T] , where 
T is, as mentioned before, the length of the interval of time over 
which the disinflation process takes place. 
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The case in which pt = 0, for any tE [0, T] , corresponds to absolute, perfect 
credibility of the private sector in the authorities' announcement, since the expected 
value of the money supply is the one announced by the monetary authority. In this 
circumstance, both `expectation updating rules' presented nest the case of perfect fore- 
sight/credibility of Ireland (1997). In this way both alternatives of perfect and imper- 
fect credibility are incorporated in one algebraic equation. 
At this point, how imperfect credibility has been modelled by implementing an 
expectations updating rule has been discussed in some detail. Moreover, not only has 
imperfect credibility been modelled, but also a temporary lack of credibility. This is 
achieved by introducing the concept of `learning', a concept that will be specified in 
the next sub-section. 
4.2.2 Learning 
This section will first specify what is meant by learning. This will be followed by a 
discussion of the manner in which learning is modelled in this thesis. This will be 
achieved, by introducing a way to capture the fact that the probability mass which 
characterizes agent's subjective expectations is changing and moving through time 
onto the central's bank announced money supply path. 
Imperfect credibility obviously involves a certain degree of lack of credibility, which 
is captured by the probability mass characterizing agents' subjective expectations, de- 
noted (pt). Moreover, the probability mass characterizing agents' subjective expecta- 
tions (pt) is constructed to be dependent on time, shifting from one period to another 
onto the central's bank announced money supply path. This shifting process which 
takes place over time occurs due a `learning process'. 
The learning process is based on two main assumptions: 
1. The announcement of the monetary authority becomes more credible (the credi- 
bility is increasing) and consequently, this affects the central bank announcement 
of the money supply path which also becomes more credible. 
2. The private sector's attitude towards the announcements of the government is 
changing over time, from one period of time to the next. This second assump- 
tion implies that the private sector is capable of learning over time that the 
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government's announcement is serious and consequently it gives more credit to 
it. 
The idea of learning is modelled by letting pt (employed as a proxy for learning) 
change over time, running from an initial po, a measure of the initial level of credibility, 
towards zero and eventually stopping there. This is achieved by imposing/assuming 
an exogenous learning process (the path followed by pt) of the private sector realized 
in various ways that will be discussed in the next section of this chapter as types of 
learning. 
At moment t=0 when the disinflation policy is announced, the private sector 
has a certain degree of credibility, p, in the authorities announcement. So, at t=0 
there is implied some initiated level of credibility that the private sector has for the 
announcement of the government po = p. po E [0,1], where po =0 implies absolute 
credibility of the private sector in the government's announcement and po =1 implies a 
complete lack of credibility at the beginning of the learning process. The closer po is to 
zero, the higher the initial level of credibility will be and the closer the perfect foresight 
case will be, as it can be seen from (4.3). Consequently, the further po is from zero, 
the smaller will be the initial level of credibility in the government's announcement. 
Within the learning process, based on the two assumptions presented above, starting 
from a given certain degree of credibility (po > 0), the probability mass characterizing 
agent's subjective expectations {pt}t o is changing over time, decreasing to 0. In other 
words, for the first presented case of expectation formation (4.3), the probability pt 
attached to the scepticism of the private sector (the probability at which private sector 
is expecting money supply to return to the initial steady state) will decrease while 
increasing the credibility of the government announcement. When pt arrives at 0, as 
shown by any of the equations (4.3) or (4.4) the case of perfect foresight is obtained. 
The period of time through which the private sector arrives at perfect credibility is 
denoted by N. 
At this point, there are three cases that can be studied regarding the relationship 
between the lengths of the periods over which both the disinflation and the learning 
process discussed here can take place: 
1. The first case is when the private sector is learning about the credibility of the 
government's announcement over the entire period of time over which the dis- 
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inflation process takes place. In this circumstance, the length of the interval of 
time over which the two processes take place are equal (N = T). 
2. The second case is encountered when the private sector's learning process ends in 
perfect credibility within (or during) the period of time over which the disinflation 
process takes place. This occurs when the period of time over which the learning 
process takes place is shorter than that over which disinflation is conducted (N < 
T). This is modelled keeping the learning process at perfect credibility, by setting 
pt = 0, for any tE [N, T] . In other words, after pt becomes 0, it stays at this 
level, unchanged for the rest of the time period over which the disinflation process 
is conducted. 
3. The last case is when the learning process still continues after price stability 
has been attained. This occurs when the length of the interval over which the 
learning process takes place is longer then the one over which the disinflation is 
conducted (N > T). It is assumed that over the entire period of time T, the 
learning process will never allow the private sector to find itself in the case of 
perfect credibility. So, pt 0, for any tE [0, T]. The overall learning process is 
now characterized by {ps}3 0', where sE [0, T+ J]. J= N -T > 0, is anextra 
interval of time added to the previous T in which it is assumed that the learning 
process still takes place and furthermore, will eventually allow the private sector 
to get to perfect foresight, such as PT+J =0. So for SE [T, J], the private sector 
finds itself still under the learning process. 
Two obvious further modelling difficulties that arise for this case and need to be 
analysed are with respect to: 
(a) The time it takes until PT+J = 0, in other words the length of the interval 
over which the learning process still takes place after price stability has been 
attained. What is the value of J? 
(b) The path of the learning process ps in the transition between these extremes. 
However, in all three of these cases the learning process takes place over a finite 
period of time over which the agents eventually arrive at perfect foresight. The learning 
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process modelled in this manner allows the concept of a temporary lack of credibility 
to be captured. 
4.3 Types of Learning 
So far, the focus has been on the instance in which the probability mass characteriz- 
ing the agent's subjective expectations, pt, shifts through time onto the government's 
announced money supply path over various lengths of time. This length of time may 
be within, equal to or longer than the period over which price stability is achieved. It 
is important to note that not only can the learning process lie over different lengths 
of time but also it can happen in three different ways, corresponding to three different 
types of learning. These types of learning are differentiated by the way in which perfect 
credibility is achieved, capturing the path of the evolution of the willingness of the pri- 
vate sector to believe the government's announcement about the money supply, after 
the change in policy. This section deals with the segment of the path of the learning 
process over which perfect credibility is achieved, more specifically, {pt}NO, knowing 
that PN =0 and remains so thereafter. This can be a straight line or a curve, which 
can be either concave or convex. 
4.3.1 Linear Learning 
The first option is simply a sequence {pt}N o that converges linearly to zero in the 
following manner: 
Pt = Pt-i -aN, t>1 (4.5) 
where po =p is the initial level of credibility, N is the length of the interval of time over 
which the private sector achieves perfect foresight and aE [0,1]. a captures the time 
it takes agents to completely believe the central bank's announcements, after which 
they find themselves under perfect foresight. 
Pt = Po aNt, t>1. (4.6) 
In continuous time one would consider the function: p(t) : R+ -º 1Z+, where: 
P(t) = Po -aNt, t>1. (4.7) 
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The first derivative of (4.7) with respect to time, a, gives the (negative) slope of 
the path of the learning process. This is also the `speed of the learning process'. In 
other words, the slope of the line describing the path of the learning process gives the 
speed of the learning process. Recall that the faster this line gets to zero, the quicker 
the learning process will be. So, the steeper its slope, the faster the learning process 
will be. Given that the first derivative of (4.7) does not depend on time, it can be said 
that in the case of a linear learning, the speed of the learning process is constant. 
When a=1 the case of the highest speed of the learning process (possible for the 
given initial level of credibility) is met. In this case the population finds itself in the 
fastest learning process with constant speed, over the entire period of time over which 
the disinflation process takes place. 
When a=0 it can be seen that formulation (4.5) perfectly nests the case which 
allows the study of the effects of a disinflation policy free from the consequences of the 
implementation of a learning process. 
Pt=Pt-i' t>1. 
Since the probability mass which characterizes agent's subjective expectations is 
not changing over time but rather stays at the same level over the entire period of the 
disinflation process, this means that the learning process does not take place. This 
represents the case in which the private agents are not adjusting their expectations 
from one period to another, in other words, they are not learning. Moreover, po =1 
successfully represents the case in which the private sector never learns, carrying on 
their absolute lack of credibility ad infinitum. This has disastrous effects on the output 
during disinflation, as the output will never return to its initial steady state level. 
This case has been employed for the study of the behaviour of the output during a 
disinflation process in this thesis, as will be seen in section (7.4) which discusses the 
Volker disinflation. However, in the case discussed in this thesis in Chapter 7, it is 
assumed that the agents do not trust the announcement of the government at all for 
the first 5 years only. It is also assumed that perfect foresight is achieved in the sixth 
year. 
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4.3.2 The Case of Non-Linear Learning 
So far, the linear type of learning, which characterizes the case in which the private 
sector is learning at a constant speed over time towards perfect foresight, has been 
described. 
However, there are more plausible characterizations that can be implemented which 
allow for the speed of learning to change over time, either increasing or decreasing. This 
all depends on the evolution over time of the private sector's willingness to consider 
credible the government's announcement regarding the future path of the money supply. 
The pace of this evolution can take two forms: 
1. At the beginning agents are reluctant to believe the government announcement 
but as time goes, they start to consider it more credible. 
2. At the beginning of the announcement the agents are more inclined to believe 
the government announcement, but as time passes, they become less inclined to 
believe it. They either become indifferent, assuming that a low inflation does not 
present a significant threat and therefore treating it as having minimal importance 
or, they loose their trust in the announcement of the government because they 
worry that as the slope of the short-run Phillips curve flattens, the monetary 
authority may be tempted to renege. 
The path of the learning process with respect to time in this case will not be the 
straight line described as in the previous case, but rather it will be either concave or 
convex. The second derivative of the learning process equation is going to be either 
positive or negative, given the acceleration during the learning process. Obviously, 
there are going to be non-linear equations involved. The following functions are useful 
for capturing such paths of the learning process. Each of these two cases will be 
discussed in some detail in the next two sections. 
4.3.3 Concave Learning 
The evolution of a concave process is described by the following sequence {pt}t'o, 
where N is the length of the interval of time over which the learning process takes 
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place. This evolves according to: 
Pt=k(a2-t2)ß 
where a, k>0. 
(4.8) 
This captures the path of a concave learning process which starts from an initial level 
of credibility and shows how the credibility is changing over time, through learning, 
ending at zero, in perfect credibility. 
For the first moment, t=0, po is the initial degree of credibility considered as a 
starting condition. 
From the given starting condition it can be shown that: 
Po 
a 
(4.9) 
Proof. The evolution of the learning process is given by (4.8), starting with the 
initial condition for t=0 po = k(a2) 2. From here results: 
Po=ka=k=Po 
a 
Q. E. D. 
According to (4.9), the form of the function (4.8) can be rewritten as: 
Pt= 
aý(a2_t2)2" (4.10) 
Moreover, it is shown that a=N, where N is the length of the interval of time 
over which private sector gets to perfect foresight. 
Proof. Let N be the length of the interval of time over which the private sector 
gets to perfect foresight, while T is the interval of time over which the disinflation 
process takes place. After the case of perfect foresight is achieved due to the learning 
process, the disinflation process continues, knowing that PN =0 and that the case of 
perfect foresight is characterized by pt = 0, for any t>N. Therefore, for any t' > N, 
under the case of perfect foresight: pt, = PN = 0. Hence, for t' = N, from (4.10), it 
follows that: 
1 
PN=-a°(a2-N2)2 =0 
72 
and following that 
(a2 -N2)2 =0 
results 
a=N. 
So, (4.10) becomes now: 
pt =N (N2 - t2)' 
Q. E. D. 
Further, (4.11) is written following a simple recursive process: 
1 
Pt 2 
={ 
(p 
- +(1-2t)}2 
For a comprehensive analysis of the process, this is considered under continuous 
time. The function is defined by: p: [0, N] -> R+, where 
P(t) =N (N2 - t2)' . (4.12) 
Given po and N, (4.12) plots the path of a concave function (the second derivative 
with respect to t is negative). This captures the intuitive idea that agents may be re- 
luctant to update their priors initially, but as time goes by and the monetary authority 
sticks to its announced money supply, they increasingly come to believe the announced 
target path. This case shall be referred to as concave learning. 
4.3.4 Convex Learning 
On the other hand, the evolution of a convex process is described by the sequence 
{Pt} which follows: 0 
i 
Pt=(-1)k[a2-(t-a)2]2+Po. (4.13) 
In analysing this convex process the context applied in the case of concave learning 
is maintained, meaning that parameters a and k are kept the same as in the previous 
subsection. Considering a=N the length of the interval of time over which the learning 
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process takes place, the above relation becomes: 
Pt = -Eo- [N2 - (t - N)2] 5+ Po, (4.14) 
which follows the simple recursive process: 
1 
ýPt-ik Po)2+[1_2(t_a)}}+. 
In continuous time, this is defined by: p: [0, N] -* R+, where 
P(t) =-N 
[N2 
- (t - N)2I 
2+ PO. (4.15) 
Obviously, capturing a convex path, the second derivative of (4.15) with respect to t 
is positive. This reflects the learning path of a population who, although happy to 
accept that the monetary authority dislikes the current relatively high rate of infla- 
tion, nevertheless worry that as the slope of the short-run Phillips curve flattens, the 
monetary authority may be tempted to renege. The importance of the exploitability 
of the Phillips curve has been recognized by Ball, Mankiw and Romer (1988) and is 
a crucial argument in the high inflation equilibria in games of the Barro and Gordon 
(1983) sort. This case shall be referred to as convex learning. 
4.3.5 Concave and Convex Learning - In a nut shell 
So far, the two types of learning, concave and convex, that have been discussed here, 
have been each described by a different expression, given by (4.11) or (4.14). However, 
both these expressions can be represented in only one expression. Thus, the two paths 
of non-linear types of learning are nested in: 
+ app, = (-1)a k(a2 - (t - 8a)2)ä (4.16) 
when for E=0 the case of concave learning case is met and for b=1 the case of 
convex learning case is met. pt is the notation which allows differentiation between the 
two types of learning processes, where the superscript 8 specifies the type of learning 
process. So p° stands for the concave learning process and pt for the convex learning 
process. 
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Clearly, it is possible to imagine intermediate cases, such as a truncated bell-shaped 
path for pt. This would capture a situation in which agents initially place little weight 
on the authorities announcements, as in (4.11). However, after some time (character- 
ized by an inflexion in the path of pt), agents once again become more sceptical, as in 
(4.14). These alternate paths are not dealt with in this thesis. 
Given the fact that generally, the public does not trust the government's announce- 
ment at the beginning of the change in policy, but is willing to become more cooperative 
over time, the concave type of learning is considered to be most plausible. However, 
there are still two difficult questions to answer: 
1. What is a reasonable value for p0? In other words, how credible is the monetary 
authority's announcement at date zero? 
2. At what point T does Pt>T have to become equal to 0, for any t? In other words, 
how long does it take for agents to arrive at perfect foresight? 
The answers to the above two questions will be given by testing different values. 
The modelling of imperfect credibility presented in this chapter clearly needs to be 
applied to an actual economy. This is however beyond of the scope of the current 
chapter. Therefore, Chapter 6 will analyse the behaviour of output in an economy like 
the one described in Chapter 3 where these settings which allow to model a temporary 
lack of credibility have been incorporated. An examination of the behaviour of output 
under imperfect credibility for each of the factors determining the learning process will 
be undertaken. These factors are: the length of the interval of time over which the 
learning takes place, the initial level of credibility and the type of learning. Moreover, 
each of these factors will be studied under both expectation updating rules presented 
in section 4.1.1, (4.3) and (4.4) respectively. The results will be compared with those 
of Ireland (1997) who studied the behaviour of output during a disinflationary process 
under perfect foresight. This comparison is undertaken in order to observe the differ- 
ences between the output path under perfect and imperfect credibility and to identify 
the factors that are bringing the changes and to quantify them where changes occur. 
Therefore, the research questions explored in Chapter 6 of this thesis will be: 
1. How will output behave in an environment in which there is a temporary lack of 
credibility? 
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2. What will be the output effect of each of the factors which determine the learning 
process? 
Furthermore, Chapter 7 will provide an analysis of the optimal speed of disinflation 
in such an environment under imperfect credibility/temporarily lack of credibility. So 
far, only Ireland (1997) has studied the optimal speed of disinflation but under perfect 
foresight. In addition, there will be an attempt to identify which of the factors deter- 
mining a learning process influence the optimal speed of disinflation and to quantify 
these effects when they appear. 
4.4 Quantifying the Degree of Lack of Credibility of 
a Learning Process during a Disinflation Process. 
The previous sections of this chapter discussed the way in which imperfect credibility 
has been modelled in order to be implemented in the model presented in Chapter 3. The 
learning process employed in this thesis allows for the study of the effects of a monetary 
policy during a temporary lack of credibility. Therefore, what is meant by `learning' 
in this context, together with the types of learning modelled, have been discussed in 
some detail. The type of learning process is central to this research as it captures the 
willingness of the private sector to believe the government's announcement regarding 
the money supply after the change in policy. Moreover, in this thesis, the degree of 
lack of credibility in the government's announcement during a disinflation process is 
quantified. This gives a measure of the lack of credibility which allows a comparison to 
be made among various learning processes and eventually allows a choice to be made. 
Therefore, in this section what is meant be the degree of lack of credibility and how 
this can be measured is discussed. Second, the degree of lack of credibility is quantified 
for various scenarios in which a learning process takes place. This is followed by a 
comparison of these scenarios. 
The level of lack of credibility is dependent on the surrounding circumstances in 
which the learning process takes place, characterized by the settings for: 
1. The initial level of credibility, po. 
2. The length of the interval of time over which private sector gets to perfect fore- 
sight, N. 
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3. The speed of the learning process which has been found to be: 
(a) Constant for the case of linear learning, being given by (4.5). 
(b) Variable for the case of non-linear learning, depending on the evolution of the 
willingness of the private sector to believe the authorities's announcement, 
given by (4.11) in the case of concave learning and by (4.14) in the case of 
convex learning. 
To be specific, the degree to which there is lack of credibility (the degree of lack 
of credibility) is the level of distrust exhibited by the private sector with respect to a 
specific scenario in which a disinflation process takes place. In this context, the degree 
of lack of credibility is measured by the area under the line (in the case of linear type 
of learning) or the curve (in the case of non-linear type of learning) describing the 
learning process2. 
Moreover, keeping the same specification for the type of learning process employed 
(linear, concave or convex) the area under the curve described depends now on only 
two parameters: the initial level of credibility (po), and the length of time it takes the 
private sector to achieve perfect foresight (N). 
Recall, that the private sector achieves perfect foresight in N periods of time during 
a process of disinflation of T units of time, where N<T, and tE [0, T]. For any 
tE [N, T] it is known that pt = 0. Again, the significant segment of the path of the 
learning process is the one over which perfect foresight is achieved, {pt}N o. Therefore, 
the degree of lack of credibility of a given learning process (for example concave), 
depends on the initial level of credibility and the length of the interval of time over 
which the private sector is learning. Given a specific learning process pt, the area under 
the line/curve describing it and denoted by I'N, p0, depends on two parameters: 
1. The initial level of credibility, po. 
2. The length of the learning period over which private sector arrives at perfect 
foresight, N. 
Hence, it can be said that (I'N, po) is the measure of the degree of lack of credibility 
of a learning process for an initial level of credibility po and N periods of time over 
21n the (time, initial degree of crediblity) plan in the first quadrant. 
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which perfect foresight is achieved and which is defined by: 
/ýN 
I'N, po =J p(t)dt, (4.17) 0 
where, pt is given by the type of learning process employed in the study. 
Regardless of the type of learning process involved, two main points emerge: 
1. The degree of lack of credibility is inversely related to the initial level of credibility. 
2. The degree of lack of credibility is directly related to the length of the learning 
period over which private sector arrives at perfect foresight. 
The degree of the lack of credibility of the private sector during the learning process 
(I'N, 
p0) and the initial 
level of credibility (po), for the same length of the learning period 
over which private sector gets to perfect foresight (N), are inversely related. For the 
same length of time it takes the private sector to arrive at perfect foresight, the higher 
the initial level of credibility, the weaker the degree of lack of credibility of the learning 
process will be. 
The degree of the lack of credibility during the learning process (rN, po) and the 
length of time it takes the private sector to achieve perfect foresight (N) for the same 
initial level of credibility (po), are directly related. For the same initial level of credi- 
bility, the shorter the length of the learning period over which private sector achieves 
perfect foresight, the smaller the degree of lack of credibility (given by the area under 
the line/curve describing the learning process) will be. Furthermore each of the types 
of learning presented in section 4.3 will be discussed in some detail in the context of 
the degree of lack of credibility. 
4.4.1 Linear Learning 
As mentioned above, the degree of lack of credibility of the government's announcement 
for the case of linear learning is given by the area under the straight line which illustrates 
the evolution of the learning process. Applying (4.17) to the linear type of learning 
process described by (4.7), the level of credibility is given by: 
N 
rN, no =f Po 
(1. 
- 
Nt) dt, 
0 
(4.18) 
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which by applying3: 
fx 
PO 
(1-aLot)dt=pox C1+ 
2) 
becomes: 
FN, P0 = P0N 
(1 + 2) . 
Since in this work the attention is focused on the two types of non-linear learning 
and specifically on the concave type, the discussion of the linear learning stops here. 
4.4.2 Concave Learning 
Under this type of learning the degree of lack of credibility is given by the area under 
the concave curve which describes the learning process (4.12). This depends on po, 
the initial level of credibility, and N, the length of the learning period over which the 
private sector arrives at perfect foresight. 
Applying (4.17) to the learning process (4.12), results in: 
rN, po : --I 
NN 
(N2 - t2)' dt, (4.19) 
0 
which becomes: 
I'N, po =jNN 
(N2 - t2) z dt =NJN (N2 - t2)' dt. (4.20) 
To calculate this, it is applied4: 
Eventually: 
JX' (X2 - t2)' dt = x47. (4.21) 
N2 
rN, po :-N4- 
p4ý N. (4.22) 
This result will be used for a more in depth analysis which intends to uncover how 
the elements defining the scenario in which a disinflation process takes place affects the 
degree of the level of credibility. This will be achieved by exploring two further aspects. 
First, how the degree of lack of credibility is affected by a change in the initial level of 
credibility and how this is going to be affected by a change in the length of time over 
'For proof see section 4.6.1. A in the Appendix of this chapter. 
4For proof see section 4.6.2. A in the Appendix of this chapter. 
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which the learning process takes place. Second, how the degree of lack of credibility is 
affected by a x% change in the initial level of credibility and how this is going to be 
affected by a x% change in the length of time over which the learning process takes 
place. Also, the new length of the learning period over which private sector arrives at 
perfect foresight in order to achieve the same result needs to be identified. 
The Degree of Lack of Credibility - Change Effect 
In this section formulas are provided which account for first, how the degree of lack 
of credibility of the learning process and the length of the learning period over which 
private sector arrives at perfect foresight, are related and second, how the degree of 
lack of credibility of the learning process and the initial level of credibility are related. 
Discussed in detail, these are: 
1. What is the change in the degree of lack of credibility of the learning process if 
the length of the learning period over which the private sector arrives at perfect 
foresight decreases from N' to N, where N< N', (in other words, if the private 
sector learns faster) ? 
P4" (N'-N). 
Proof. 
and 
rN', no =J 
N' Po ((N')2 
- t2) dt = 
NJ N/ ((N') 2- t2) 3 dt (4.23) 
o 
I'lv, Po = 0N 
N (N2 - t2) 2 dt =N1N (N2 - t2) 2 dt. (4.24) 
Subtracting (4.24) from (4.23): 
z rN', N = FNI, Po - 
FN, 
P0 = 
JNI ( = Po 
Following (4.21) one gets that: 
__ 
1 7r (N')2 
_1 
7r (N)2 OrN''N Po N' 4N4' 
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which eventually becomes: 
1 rN,, N = 
P4 (N'- N). 
Q. E. D. 
2. What is the change in the degree of lack of credibility of the learning process if 
the initial level of credibility increases from pö to po, where po < pö? 
DI'pb, ao = 
(Pp - Po) irN (4.25) 
4 
Proof. It is known that: 
-JN 
Po (N2 - t2)' dt =NJN (N2 - t2)' dt. (4.26) rN, pb - 
Further subtracting (4.24) from (4.26) and using (4.21) gives that: 
i_N1 
Arpo, 
Po - 
rN, Po - rN, Po = 
Pb 
N 
Po f (N2 
- t2) dt 
0 
Pö-PoN2ir 
N4 
(Pö - Po) 7rN 
4 
Q. E. D. 
The Degree of Lack of Credibility - Percentage Change Effect 
Here, as in the previous section, formulas are provided which account first, for how the 
degree of lack of credibility of the learning process and the length of the learning period 
over which private sector arrives at perfect foresight are related and second, how the 
degree of lack of credibility of the learning process and the initial level of credibility 
are related, when there is a x% change in the current degree of lack of credibility. 
1. What should be the initial level of credibility (pö ) so as to reduce by A% the 
current degree of lack of credibility of a concave learning process characterized 
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by (Po' N). (looFN, Po = rN, vo)ý 
_x p0 100* 
Proof. Using equations (4.24) and (4.26), and giving that: 
iöorN, po = 
rN>Po (4.27) 
Follows that: 
x Po 
100NýN(N2-t2)2dt = 
NJN(N2_t2)Idt 
_x PO 100 
Q. E. D. 
2. What should be the length of the learning period over which the private sector ar- 
rives at perfect foresight (N') employed so as to reduce the current (po, N) degree 
of lack of credibility during the learning process by x% (löoFN, po = rN', po)? 
N'= 
100. 
(4.28) 
Proof. Using equations (4.24) and (4.23) given that: 
x 
100 
rN, Po - rN", Po (4.29) 
results 
x PO 
100 N1N 
(NZ - t2) dt = 
Ný N' ((N')2 
- t2) 
5 dt. 
Using (4.21) gives that: 
x Po N27r 
_ 
Po (N')27r 
100 N4 N' 4 
which, eventually, is: 
Nx 
100 
Q. E. D. 
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4.4.3 Convex Learning 
Under this type of learning process, the degree of lack of credibility is given by the 
area under the convex curve which describes the learning process evolution. This 
obviously depends on po, the initial level of credibility and N, the length of the learning 
period over which private sector arrives at perfect foresight. Given these, (rN, p,, 
) is the 
measure of the degree to which there is lack of credibility during the learning process. 
Applying (4.17) to the learning process (4.15), one gets: 
FN, po 
fN [-! Lo 
N 
(N2 - (t - N)2)' + Po] dt 
= Npo(1-4), 
knowing that5: 
jX [_LO (x2 - t2)' + poJ dt = xp0 
(1 
- 
4) (4.30) 
o 
The set of questions considered for the case of concave learning can be answered in 
this case as well. However, only the first two questions are dealt with here as the other 
two questions are similar to those discussed in the previous subsection 4.4.2. 
1. What is the change in the degree of lack of credibility of the learning process if 
the length of the learning period over which the private sector arrives at perfect 
foresight decreases from N' to N, where N< N', (in other words, if the private 
sector learns faster)? 
Po (N- N) 
ý1- D. (4.31) 
Proof. 
We have: 
and 
N 
FN, no -I 
[_(N2 
- (t - N)2)' + Po, dt (4.32) 
N' 
rN', no =f 
[- N, (N'2 - (t - N')2) 
2+ po, dt (4.33) 
0 
5For proof see section 4.6.3. A in the Appendix of this chapter. 
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Subtracting (4.32) from (4.33) gives: 
OrNI, N = rN', Po - 
rN, 
Po 
= 
1N' 
I-o ((N')2 - (t - (Nl))2) +Po] dt 
0 N' 
JN [a'] 
dt. 
- 
Further, using (4.30) results: 
! I'N', N = Po 
(N' (i 
- 
4) 
-N 
(1 
-4JJ 
po (N'- N 
D' ) (1 - 
"4 
Q. E. D. 
2. What is the change in the degree of lack of credibility of the learning process if 
the initial level of credibility increases from po to po, Po < Pö? 
7r) orPo, Po =N (Pö - Po) ý1- 4 
Proof. 
We have: 
rN, pb =1 
N [_(N2 
- (t - N)2) 
2+ 
Pö] dt (4.34) 
Subtracting (4.24) from (4.33) and using then (4.30) one gets: 
1 1- 
Arpo, po - 
rN, P, - rN, po = Npo 
- 7r 
\4/- 
Npo 
4 
7r 
1-ý 
=N (pö - po) 
(4 
Q. E. D. 
4.4.4 An Analysis of Concave and Convex Learning 
Since the two non-linear types of learning are embodied in only one mathematical 
expression, the two expressions giving the degree of lack of credibility for each of the 
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two types of learning processes, can also be embodied in only one expression. Recall 
that the two types of learning were both represented by: 
pt = (- 1)d k(a2 - (t - da)2)2 + bpo, (4.35) 
keeping the same notation for pt as in section 4.3.5. Correspondingly, the degree of 
lack of credibility is represented by: 
x 
"X, 
Po =f pidt = 
bxpo + (-1)6 x4ý, (4.36) 
0 
when for 8=0 the case of concave learning case is met, whereas for 9=1 the case of 
convex learning is met. Due to the choice of the parameter 5 which can be either 0 or 1 
depending on the case chosen, further notations are introduced to differentiate between 
the degree of lack of credibility of the learning process under the concave learning case 
(obtained for 5= 0) as 
(r 
, P0) and 
the degree of lack of credibility the convex learning 
case (obtained for b= 1) as 
(r). 
Since the linear type of learning is less likely to occur, this section focuses on a 
comparison of the two types of non-linear learning processes, which are more plausible. 
For the same initial level of credibility and the same length of the learning period over 
which perfect foresight is achieved, the degree of lack of credibility of a type of learning 
process depends on the learning process involved. It is obvious that the degree of lack 
of credibility, measured for the same initial level of credibility and the same length of 
the learning period over which perfect foresight is achieved, is smaller under a convex 
learning process than the one that occurs under the concave case 
(r, 
po < 
I'n, 
p0) . 
This section sheds light on the effect of the type of learning on the degree of lack of 
credibility. Here three issues are to be considered: 
. How great is the difference between the degree of lack of credibility that occurs 
under the two types of non-linear learning processes? 
" Keeping constant the initial level of credibility, what should be the value of 
the length of the learning period over which the private sector achieves perfect 
foresight so as to maintain the same degree of lack of credibility, when changing 
from convex to concave type of learning? 
9 Keeping constant the length of the learning period over which the private sector 
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achieves perfect foresight, what should be the value of the initial level of credibility 
so as to maintain the same degree of lack of credibility when changing from convex 
to concave type of learning? 
Analysing the differences between the two types of non-linear learning formulas 
which account for these relations are provided. The first aspect discussed is: 
1. What is the difference between the degree of lack of credibility of a learning 
process that takes place under concave learning and then under convex learning 
(r', )? 
orO, 1 = Npo (2 -1) . 
Proof. 
or01 - 
(Npo 
- 
N4°'r) 
= Npo 
(2 
- 1). Po - rN, po 
rN, 
Po = 
N4or 
Q. E. D. 
It is obvious that the speed of learning involved in the way the private sector's 
expectations are formed plays a very important role in the evaluation of the 
degree of level of credibility for the entire disinflation process. For the same 
initial level of credibility and the same length of time over which learning takes 
place, the degree of the level of credibility varies with the type of learning. If the 
speed at which the learning takes place is decreasing, the degree of level of lack of 
credibility is smaller in comparison to the case in which the speed is increasing. 
This is explained by the shape of the curves. The conclusion that can be drawn 
from here is that the beginning of the period when the change in the policy is 
announced, is crucial for the degree of lack of credibility of the private sector 
during the learning process. If the agents are reluctant to believe the monetary 
authority's announcement at the beginning of the change in policy, even if they 
are becoming more willing to believe the announcements over time (increasing 
speed), the overall level of lack of credibility is higher than if they are more 
willing to believe the announcements at the beginning and then become more 
reluctant as time goes by (decreasing speed). Therefore, the speed of learning at 
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the beginning of the process is very important. We shall see concrete examples 
of this when we simulate the effect on output of an uncredible disinflation. 
The second and the third aspects discussed here take the comparison further 
to the relationship between the learning period over which the private sector 
achieves perfect foresight and the initial level of credibility while maintaining the 
same degree of lack of credibility when changing from a convex to concave type of 
learning. This is an attempt to gauge to what extent, by keeping unchanged the 
length of the learning period over which private sector arrives at perfect foresight, 
the initial level of credibility would need to change so as to maintain the same 
degree of lack of credibility, when changing from convex to concave learning. This 
analysis attempts to provide some guidance to the monetary authority on how 
they should act when the private sector is reluctant to believe their announcement 
at the beginning of the policy change. Therefore, the next aspect discussed is: 
2. What should be the new initial level of credibility (po) if, for the same length of 
the learning period over which perfect foresight is achieved (N), the monetary 
authority wants to maintain the same effect of the degree of lack of credibility of 
the learning process under the concave learning case 
(r) 
as under the convex 
learning case 
(rp1). It is given that po < P. 
4 
Po=Pö-1ý 
Proof. 
r° = IN N, Po N, Pö 
4 
111) 
-Po=Pö7r 
Q. E. D. 
For the same degree of lack of credibility that occurs under both non-linear 
types of learning and the same length of time over which perfect foresight is 
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achieved (N), the initial level of credibility is obviously lower under the convex 
learning than under concave learning. This shows that even if the initial level 
of credibility is high, if the private sector is reluctant to believe the monetary 
authority's announcement at the beginning of the change in policy, the degree 
of lack of credibility overall is higher than for the case in which the initial level 
of credibility is lower but the learning process involved in the formation of the 
expectation of the private sector is faster at the beginning (although decreasing 
over time). To achieve the same degree of lack of credibility under the concave 
learning as under the convex learning while maintaining the same length of the 
learning period over which perfect foresight is achieved, then po ^_- 0.27pp which 
assumes an increase in the initial level of credibility of almost 27%. This means 
that the authorities have to boost their credibility at the beginning of the process 
if there is any sign that the agents will be reluctant to believe their announcement 
at the moment of change in policy. 
For a disinflation process to take place with a minimum lack of credibility the 
authorities have two factors they can try to influence. First, is the initial level 
of credibility of the private sector prior to the announcement so they could start 
the disinflation process at a higher credibility level, especially if they are aware of 
the fact that they will not enjoy much trust at the moment of the announcement. 
Second, is the learning process involved in the formation of the expectations. The 
policymakers can influence the learning process if the initial level of credibility 
at the moment of the announcement of the change in policy is known to be at a 
reasonable level already. This can be achieved by influencing the value of only 
one variable, pt, at each moment in time. The credibility of the private sector 
may be increased by boosting the information they receive and by being more 
transparent over the entire period of time over which the process takes place. A 
discussion of this issue is not, however, the purpose of this chapter. 
However, the output effects of the type of learning and of the initial level of 
credibility will be analysed and discussed in Chapter 6, in sections 6.3.1 and 
6.3.4 respectively. Also, the effect of the type of learning on the optimal speed 
of disinflation is discussed in Chapter 7 in section 7.3.2. The effect of the initial 
level of credibility on the optimal speed of disinflation is discussed in Chapter 7 
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in section 7.3.4. Therefore, the next aspect discussed is: 
3. What should be the new length of the learning period over which perfect foresight 
is achieved (N), if for the same initial level of credibility (po) the monetary 
authority wants to maintain the same degree of lack of credibility during the 
learning process under the concave learning case 
(r) 
as under the convex 
learning case 
(r'r, 
po)? 
It is given that N< N'. 
N=N'(4 
\'r 
Proof. 
IN = rl N, Po N', po 
aN=N'(4-1 Npo4=N'po1-4)aN N'(1 4)4 - 7r 
Q. E. D. 
It has been seen that when starting from the same initial level of credibility and 
having the same degree of lack of credibility, the period of time it takes to arrive 
at perfect foresight is longer under the case of convex learning. This is due to 
the decreasing speed at which the learning occurs under convex type of learning. 
The private sector is more willing to believe the announcement of the monetary 
authority at the beginning of the process, but they are becoming more reluctant 
as time passes, and this causes the learning process to take place over a longer 
period of time. 
Nevertheless, the output effects of the length of the learning period over which 
perfect foresight is achieved will be analysed in some detail in Chapter 6, section 
6.3.3. The effect of the length of the learning period over which perfect foresight 
is achieved on the optimal speed of disinflation is discussed in Chapter 7 in section 
7.3.3. 
This analysis can be extended to the relationship between the degree of lack of 
credibility and the initial annual inflation rate, the length of the disinflation period 
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and the expectation updating rules. This would give more insight into the issue of 
credibility during a disinflation process. Moreover, future research might investigate the 
relationship between the degree of lack of credibility and the behaviour of output during 
a disinflationary process. An interesting aspect to observe would be the relationship 
between the degree of lack of credibility and the output loss during a disinflationary 
process. 
4.5 Conclusions 
After arguing in favour of the implementation of imperfect credibility, this chapter 
presented the manner in which this has been realized so it can be incorporated into 
the New Keynesian model with sticky prices presented in Chapter 3. The assumption 
of perfect foresight considered in the work of Ireland (1997), King and Wolman (1999), 
Khan, King and Wolman (2003), are suitable when one wishes to calculate the opti- 
mal inflation rate in, or in the neighbourhood of, an unchanging steady state. This 
assumption is less appealing when one wishes to characterize the path of output in 
a transition to price stability, particularly for a high initial inflation rate. Moreover, 
an inappropriate monetary policy (disinflating too quickly, perhaps) may end up be- 
ing conducted if the policymakers fail to recognize that their policies may not enjoy 
complete credibility. 
Essentially, in this thesis, it has been assumed that agents perceive two possible 
outcomes for the money supply during a disinflation period: the money supply an- 
nounced by the central bank and a reversion to an alternative, more inflationary path 
for the money supply. The expectation of the money supply has been calculated as 
a weighted mean of these two possible outcomes, where the weight is the probability 
mass characterizing agent's subjective expectations. Moreover, this weight has been 
allowed to change over time, going from 1, which is considered to be the case of ab- 
solute lack of trust of the private sector in the announcement of the government, to 0, 
where perfect foresight is attained. 
This probability mass characterizing agent's subjective expectations has been em- 
ployed as a proxy for learning, since this is how the fact that agents are learning has 
been captured. This probability mass is moving form 1 to 0, shifting through time 
onto the government's announced money supply path. The path it follows describes 
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what has been here called a `learning process'. Obviously, the learning process can 
be studied starting from any intermediate value of the probability mass characteriz- 
ing agent's subjective expectations, between 1 and 0, called the initial level of lack of 
credibility. Three different exogenous types of learning have been employed, each of 
them capturing the willingness of the private sector to believe the government's an- 
nouncement about the money supply over time. These are linear and non-linear types 
of learning, concave and convex respectively. The focus of this chapter is on the two 
previously mentioned non-linear types of learning, largely presented here together with 
a comparison between them, since they seem to be more plausible than the linear one. 
Alternate paths for the non-linear learning, which have been left on one side in 
this thesis, can be further considered for further research. As already mentioned in 
this chapter, an obvious alternate path is a truncated bell-shaped path for pt which 
would capture a situation in which agents initially place little weight on the authorities 
announcements and after some time (characterized by an inflexion in the path of pt) 
they once again become more sceptical. 
This chapter also tried to quantify the degree of lack of credibility in the govern- 
ment's announcement during a disinflation process of a specific scenario in which a 
learning process takes place. Obviously, for the same length of the learning period 
over which perfect foresight is achieved, starting from the same initial level of lack of 
credibility, the measure of the degree of lack of credibility during the learning process 
is higher under a concave type of learning than under a convex one. Starting from 
such an observation, how the degree of lack of credibility is affected by a change in 
the initial level of credibility and how this is going to be affected by a change in the 
length of time over which the learning process takes place was discussed. Second, in 
order to change by a given percentage, the current degree of lack of credibility of a 
given learning process, a new level for the initial level of credibility has been identified 
and also the new length of the learning period over which private sector arrives at 
perfect foresight in order to achieve the same result. A comparison between the degree 
of lack of credibility for the case of concave learning and convex learning has been 
undertaken. For future research, the relationship between the degree of lack of cred- 
ibility and the behaviour of output during a disinflationary process might investigate 
along with the relationship between the degree of lack of credibility and the output 
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loss during a disinflationary process. 
Only one more issue must be clarified before turning to explore the effects of a 
temporary lack of credibility on output and the optimal speed of disinflation during 
the transition to price stability which is the main aim of this thesis. This is the natural 
step to follow at this stage and consists of the methodology employed in solving the 
model in which imperfect credibility has been incorporated. This will be dealt with in 
some detail in the next chapter. 
4.6 Appendix 
4.6.1 A. Linear Learning 
In this appendix it is shown that: 
Jx 
Po 
(1 
-a 
Lo t) dt = Pox 1+ 2) 
Proof. 
[X(Po\ 
dt =fx podt - 
jX 
aPotdt 
oxoox 
2x X2 
= Potiö-axo 
(2)I0 
=pox+axo 2 
= Pox \1 .+2 
Q. E. D. 
4.6.2 A. Concave Learning 
In this appendix it is shown that: 
(x2-t2) ' 
,2 ir 
dt 
4 
fX1 
0 
Proof. 
/'x In x2 -t 
2 %x x2 Ix t2 
J x2-t2dt=J 2- 2dt=J 2- 2dt-dt, -t 00xtpxt I"fX- 
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which further is written: 
f VX2 
- t2dt = x2 dt +J 
t-(- t) dt. (4.37) 
ox 
--4t 2o x2 - t2 
Using formula: 
1 
dt = aresin 
t (4.38) J x2 - t2 X10 
we calculate the first term of the expression (4.37): 
x2 J1x x21- t2dt = x2 arcsin 
t lo 
. (4.39) 
vf- X 
To calculate the second term of the expression (4.37) the following formula is ap- 
plied: 
f f'(t)g(t)dt =f (t)g(t) -Jf (t)g'(t)dt, (4.40) 
where in this case: 
f (t) - x2 - t2, 
g(t) = t. 
So, the second term of the sum becomes: 
I 
--t2dt. (4.41) Lx t2 t)t dt = tx2-t2 -x 
From (4.39) and (4.41), expression (4.37) can now be rewritten as: 
x 
x2 - t2dt = x2 aresin 
xI 
-I- t x2 --- t2dt 
f fo 
0 
4 
2J x2 - t2dt = x2 arcsin 
-Ix+t 
x2 - t2 
Io. (4.42) 
0 
Applying 
rb 
Jf (z)dz = F(z) lb = F(b) - F(a), (4.43) a 
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the first term of the sum becomes: 
x2 arcsin 
-I1= 
x2 
(arcsin X- 
aresin (4.44) 
0 
= x2 (arcsin 1- aresin 0) = x2 
2, (4.45) 
knowing that: 
aresin 1=2 
aresin 0=0 
and the second term becomes: 
t x2-t2l 
0 
x=x 
x2-x2-0 x2-02=0. (4.46) 
From (4.44) and (4.46), (4.42) is now: 
2J x2 
--t2 dt = x2 
2 
0 
Hence: 
Q. E. D. 
x27r 
0 
VX2 
- t2dt =4. (4.47) 
4.6.3 A. Convex Learning 
In this appendix it is shown that: 
Proof. 
ýx [- xo (x2 
- (t - x)2) 
2+ Po] dt = xpo 
(1 
- 
4) 
. (4.48) 
jý [- ° (x2 
- (t - x)2) 
2+ Po] dt = -Lo 
fx 
x2 - (t - x)2dt + Polo , 
which further, using (4.43) is written: 
jx [_ x° (x2 
- (t - x)2) 
2+ Po, dt =- 
x° 3' + xpo, (4.49) 
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where 
denote jx 
x2 - (t - x)2dt. (4.50) 
Further, (4.50) is developed as follows: 
Lyx2_t2+2xt_x2dt 
=Jy 2xt - t2dt 
_X 
2xt - t2 J0 dt. 
Jo 
2xt - t2 
Expanding, this becomes: 
fx t(x-t)dt+Jx xt dt. (4.51) 
0%/2--t20 2xt -=P 
Moreover, applying a further expansion of the second term of the sum, is written 
as: 
X /'x t (x - t) dt -x 
%X x-t dt + x2 I1 dt. (4.52) Jo 2nt - t2 0 2xt t2 o 2xt -t 
The first integral of this expression is going to be solved through parts integration, 
applying (4.40), where: 
f (t) - 2xt - t2, 
g(t) = t, 
Hence, 
fx t (x - t) dt =t 2xt t2l 
x- 2xt - t2dt. 2xt-t2 00 
Recalling (4.43) and (4.50), the last relation becomes: 
Jx t(x-t) 
dt=x 2x2-x2-0 2x0-02-=x2-. (4.53) 
2xt -t 
The second term of the expression (4.52) becomes through basic integration: 
xJo 
x x-t dt= x(2xt-t2)2Ix 2xt - t2 0 
Applying (4.43) it becomes: 
x 
/'x x-t dt =x 2x2 - x2) -x 2x0 - O2)' = x2. (4.54) Jo 2xt-t 
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The last term of the expression (4.52), using (4.38) is: 
Ix 
x2 Jx1 dt = x2 aresin 
(t -xlIx 
2xt -t\xJo 
= x2 
(arcsin x- 
aresin 
0xxxx 
which further becomes: 
x2 
1x 
2x1- t2 
dt = x2 (aresin 0- aresin(-1)) = x2 
2, (4.55) 
knowing that: 
7r 
aresin (-1) = -- 2' 
aresin 0=0. 
Substituting (4.53), (4.54), (4.55) back in (4.52) one obtains: 
7r 
=x- -x2+x22, 
which is: 
2 =x22 
Recalling the initial notation (4.50), 
J 
Vx2 
- (t - x)2dt = x2 
4 
0 
Substituting this result in the initial expression (4.49) one gets: 
ýx [-o (x2 
- (t - x)2) 
2+ Po] dt = -xpo 
4+ 
xpo = xpo 
(1 
- 
4) 
0 
Q. E. D. 
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Chapter 5 
Methodology 
5.1 Introduction 
Chapter 3 presents the model chosen to address the issue of imperfect credibility in 
a transition to price stability. The New Keynesian model with sticky prices, was 
employed by Ireland (1997), King and Wolman (1999), Khan, King and Wolman (2003). 
However, their work only considers the model under the case of perfect credibility. 
Chapter 4 argues for the case of imperfect credibility and presents the manner in which 
this has been modelled. The current chapter presents the methodology employed to 
solve the model of Chapter 3 taking into account the adjustment of imperfect credibility 
discussed in Chapter 4. 
In order to solve the model under the case of imperfect credibility, an expectation 
updating rule needs to be implemented in conjunction with a learning process (both 
as described in Chapter 4). However, the addition of these factors makes the models 
considerably more difficult to solve. The increased difficulty springs from the fact that 
in this case, the covariance term that might arise from the expectation expression 
also has to be considered. Moreover, considerably more attention has been given to 
solving linear rational expectation models as opposed to non-linear stochastic models. 
Alternative approaches have been described by Taylor and Uhlig (1990), Marimon 
and Scott (1999). Judd (1998) also discusses a number of available solution methods, 
however, it is clear that there is a great deal of work still to be done in the area of non- 
linear solution methods under uncertainty. This chapter presents the way the model 
of this thesis has been solved. Essentially, this is realised by mapping a non-linear 
stochastic problem into a problem that can be numerically solved. 
The outline of the chapter is as follows: Section 5.2 presents a general modelling 
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framework in which is pin-pointed a more specific framework, representative for the 
model discussed in this thesis. Section 5.3 presents the way this particular model 
has been solved. Section 5.4 describes how the model of Chapter 3 in which was 
incorporated the imperfect credibility of Chapter 4 have been dealt with. 
5.2 The Modelling Framework 
This section presents a general modelling framework which pin-points a more specific 
framework in which the model described in Chapter 3, adjusted with the imperfect 
credibility of Chapter 4, also falls. The main component relations of such a framework 
are an equilibrium condition, an expectation variable and an expectation updating 
rule. 
5.2.1 The General Case 
This section describes the general case of a class of dynamic stochastic models, consid- 
ered in an economic system, in which arbitrage-free equilibria are enforced through the 
collective, decentralized actions of atomistic dynamically optimizing agents. It is as- 
sumed that agents are rational in the sense that their expectations are consistent with 
the implications of the model as a whole. Attention is limited to stochastic dynamic 
models in which at the beginning of period t, an economic system emerges in a state 
s. Agents observe the state of the system and, by pursuing their individual objectives, 
produce a systematic response xt governed by an equilibrium condition which in the 
structural form, is written: 
f (E [xt+11 
r xt, xt-1, ... , xt_p, 
Et [St+1] 
I St) St-1e ... ' St-q) 
Z't+l; B) _ 0. (5.1) 
The equilibrium condition governing the response xt depends on expected values 
of next period's state and response as well as on current and past periods's state and 
action. In a shorter form, this may be rewritten as: 
f (Et [xt+i] 
, xt, E 
[St+l] 
, st, Zt+1; B) = 0, (5.2) 
where it was denoted 
35t = {2t, xt-1, ... I xt-PI 
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and 
St = {st, st-1,..., st-9}, 
dy+d,; +... +d__ ds+d3+... +ds 
where f: R p+2 xR 9+2 x It- x 
Rde ._ Rdz is the equi- 
librium (valued) function. dd is the dimensionality of the response space XC Rdz 
which contains the admissible responses of the model economy given by the number of 
elements of the vectors E [xt+i] , xt, xt-1, ". ", xt-p E Rd- which represent the response 
(endogenous) variables, indexed after i=1, n. ds is the dimensionality of the state 
space SC Rd- where E [st+l] , st, st-1, ... , st-Q, belonging to Rd, are the state (con- 
trol) variables. S and X are both closed convex nonempty sets. dz is the dimension 
of the expectation space, where Zt+i E Rd- is the expectation variable, and 9E Rde is 
the vector of parameters of the model. 
The expectation variable Zt+l is given by: 
Zti-1 = Et [h(xt+l, xt, xt-1, ... , xt-P,, St+1St, St_i, ... St_gl)], 
(5.3) 
dx+dx+... +dx d9+d9+... +ds 
where the expectation function h: R P/+2 xRv, +2 -º 
R 
The expectation up-dating rule in the general form is: 
Et [St+ll = 
Et [z (St+1, St, St-1) ... , St_q", xt+l, xt, e xt-1, ... , xt_p", ft+01 2 
(5.4) 
ds+ds+... +ds dx+dd+... +dx 
p+2 xR 9+2 -> 
Rd- is the state transition where z: R' 
function which gives the evolution of the state variable and the exogenous random 
shocks et are identically distributed over time, mutually independent, and independent 
of past states and responses. 
The models differ from one another in: (1) the number of lags of both state and 
response variables of each of the function presented may have, thus in the various 
values of the parameters p, q, p', q' and p", q" that appears in the main relations 
stated so far: (a) equilibrium function (5.1), (b) expectation function in (5.3), (c) state 
transition function in (5.4) and also in (2) the form of the valued, expectation and 
transition functions. 
Before moving on to present the solution method employed, a more specific and 
simple model will be presented in the next subsection, as this closely matches the 
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model for which this chapter is intended to provide a solution. 
5.2.2 The Particular Model 
Given the purpose of this research, attention needs to be focused on a specific type 
of model characterised by values of the parameters p, q, p', q' and p", q" in the main 
relations (5.1), (5.3), (5.4). These will be discussed in some detail further. 
1. The equilibrium condition 
The equilibrium condition varies, depending in (5.1) on p and q, the number of lags of 
state and response variables in the model. Governing the response, xt, might depend 
on past, current and next period's values of state and response variable. Presented here 
is a stochastic model in which agents observe the state of the system and, by pursuing 
their objectives, produce a systematic response xt governed by an equilibrium condition 
that depends on expectations of the following period's state and response as well as on 
their current values. 
f (Et [xt+i] 
, xt, Et 
[st+i] 
, st, Zt+i; 0) = 0, 
where f: Rdx x Rdý° x Rae x Rd, x Rdz -º Rdz 1 
Miranda and Fackler (2002) discuss a stochastic model in which agents observing 
the state of the system produce a systematic response xt governed by an equilibrium 
condition that depends only on expectations of the following period's state and action. 
f (Et [xt+l] 
' Et [st+l] , Zt+l; 0) = 0, 
where f: Rdy x Rd" x Rdz -º Rdx 
Moreover, there are various types of expectation functions and expectation updating 
rules. 
2. The expectation function 
The expectation functions differ across models in the number of lags of state and re- 
sponse variables p', q' in (5.3), given by the specifications of the model. For the purpose 
1Due to the fact that 0 is only the vector of parameters of the model, from now on it will not be 
mentioned while defining the domains of the functions presented in this chapter. 
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of this research, attention is focused on models in which the expectation variable is 
restricted to depend only on the next period's state and action: 
Zt+i = Et [h (se+i, x+i)] , 
(5.5) 
where h is the expectation function: h: Rd. x Rd. - Rdz defined as: 
h(xt+l, st+l) = {hi(xt+l, st+l)} 1, 
where the function hi takes the specific form: 
hi (xt+i, st+1) = Xt+2i St+: 
i i=1, m (5.6) 
where hi : Rd= x Rd' -º Rdz, and both a(i) and b(i) have the domain given by 
the set {1, ... , m} taking values generally in nothing else than a set 
(group) of the 
parameters of the model and algebraic operations between them, denoted by G. So, 
a, b: {1,..., m} --+ G. 
3. The transition function 
Models also vary according to p" and q" in (5.4), the number of lags of the state and 
response variables that appear in the expectation updating rule (or transition function) 
of the state variable. Along with the variables of the function, an important role is also 
played by the form of the function z. In the example that is the focus of this chapter, 
the transition function is the identity function. 
Hence, the expectation updating rule is: 
Et[st+i] = Et [z (st+i)], 
where z: Rd. -+ Rd' is the state transition function. Here, as well as the form of 
function z, an important issue is the way the expectation operator is approximated. 
This will be discussed in more detail in the next section. 
Models in which the transition function depends on the future values of the state 
variable and the current (or a past state) have been met in the literature. As an exam- 
ple, Miranda and Fackler (2002) studied the case in which the expectation updating 
rule depends only on current values of both state and response variables and no next 
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0 
period or past values are involved. Their economic system develops to a new state st+l 
dependent on the current state st and the response xt. They consider that the new 
state depends as well on an exogenous random shock et+l, which is realized only after 
the system responds at time t: 
Et [st+i] = Et [z (st, xt, Et+i)] 
where the state transition z: Rd. x Rdz -- R. 
The specification that the response depends only on the expectation of the subse- 
quent period's state and response in any period brings additional implications which 
do not at first appear. By implementing new accounting variables, responses can be 
made reliant on expectations of states and responses further in the future. 
So far, the general framework and the particular model have been presented. Next 
the way the particular model has been approached will be presented. 
5.3 Solving the Model 
While linear and some non-linear models can be solved using several numerical meth- 
ods, nonlinear stochastic models are more difficult to deal with. The presence of 
expectations in a non-linear model augments its degree of complexity and therefore it 
receives little attention in the literature. In this case, increased difficulty springs from 
the fact that the covariance term that might arise from the expectation expression also 
has to be considered. This section presents the way in which the non-linear dynamic 
model with expectations specified in the previous section is solved, referring to the 
particular form. 
This is achieved in two steps. The first step entails mapping the non-linear stochas- 
tic problem into a form more convenient to work with numerically. The second step 
then constructs the equilibrium solution to that simpler problem. Given that, for the 
case of perfect foresight the expectation variables are redundant as are the covariance 
terms, the solution to the model under prefect foresight requires only the second of 
these steps. 
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5.3.1 Step 1 
The first step entails mapping the non-linear stochastic problem into a form more con- 
venient to work with numerically. In order to achieve this, first the way the expectation 
operator is approximated is specified and then the expectation updating rule is calcu- 
lated. Finally, the expectation variable is computed. Central here is the computation 
of the covariance term as this allows to make the solution of the model more accessible. 
This step is concluded with the model written in an explicit form. 
Generally, the expectation operator needs to be approximated. This is done by a 
discrete distribution that takes on value vj with probability wj as follows (Judd (1998), 
Marimon and Scott (1999), Miranda and Fackler (2001)): 
k+l 
E [. f (vt)] E wj. fj (vt+l-j). (5.7) 
j=0 
Given this, the expectation updating rule of the state variable and the expectation 
variable are computed as follows: 
1. First, the expectation updating rule of the state variable E [st+l] : 
k+1 
E [St+lj =E [z(st+l)] =I] wjzj(St+l-j) = WOZO(St+1)+W1z1(St)+... +Wk+lzk+l(St-k)r 
j=o 
where wo, wi, ... , wk are probabilities associated to the distribution 
function z. 
2. Second, the expectation variable Zt+l : 
Zt+i = 
{E [hi 
(xt+21'st+1i)J 
lm2, 
where we apply 
E[XY] = E[X] +E [Y] + cov (X, Y). 
Hence: 
m' a(i) a(i) 6(i)l }11" Zc+i ={E 
[xt+i, +E [Sb(i) t+i, + coy 
(xt+i 
st+i I 
Further, for the calculation of the covariance term we use: 
2where h: Rd= x Rd" --' Rdz, h(x, s) = xs, and both a(i) and b(i) have the domain given by a finit 
set of integers I taking values generally in nothing else than a set of the parameters of the model and 
algebraic combination of them denoted by S; a, b: I --- S. 
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cov (X, Y) =E [(X -E [X]) (Y -E (Y))] , 
which leads to: 
cov 
\xt+tl' 
St+sll =E 
[z (x+1 i- E 
Lxt+1J) \St+11 -E LSt+1J //J 
The expectations operator (5.7) is applied again leading to: 
k+l 
COV 
(Xat+l(i), 
St+l/ - Wj Zj 
((Xt+ll 1 
-j -E 
[xt+21] 
/ 
(s_j 
-E 
[])) (5.8) 
j=o 
where further we use in the computation of the covariance: 
and 
k+l 
E [xt+l, = wjzj 
(xta(il)-j/ 
j=0 
k+l 
E ISt+j = 
Ewj'zj (St+aJ_j) 
L 
j=0 
where wj, are probabilities associated to the distribution function zj : f' -º IV' which 
is the identity function, for all j=0, k+1. 
Thus, 
Zt+l = 
{E [Xt+21] }m 
1+ 
{E [St+21] }m 
1+ 
{cov (Xa(+i), 
ilst+l) 
lM 
1 
or equivalent: 
Zt+l =E 
[Xta+ll 
+E 
[st+i, 
+ cöv 
(xta+l t, st+i) 
where 
E 
[xt+l] 
= 
{E [x] Jm 
1' 
E 
[Stb(i)j] 
+= 
{E [s+] I74 
1 
and 
coy I(xt+11 St+1 1= (COV 
(Xa(+il 
iSt+l/ Ii 1 
At this stage, the explicit form of the system finally, can now be written as follows: 
E [xt+l] =f 
(E [xt+1], E 
[xt+1] 
, 
xt, E [St+1], E 
[, it, CÖV 
(Xt+l, 1St+si) 
; B/ 
or 
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E [xt+1] _f 
(E 
[xt+lJ 
' tý 
E [St+1] 
e St, CÖi1 I xE+11, St+ýl) ; 
B) 
, 
where: 
E [xt+l] = 
{E[xtýiJ 
'E 
[xt+1J } 
+E 
[St+1] = 
{E[st+i] 
,E 
[sm] I 
The model in its explicit form is: 
E [xt+l] =f 
(E[xt+i] E [xt+4i] , xt, 
ü [st+1] Sty cöv 
(xt+11, 
st+ii) ; 0) (5.9) 
now, in a more convenient form to work with. 
5.3.2 Step 2 
The second step constructs the equilibrium solution to the simpler problem (5.9). A 
non-linear model has to be solved using iterative numerical methods, since there is no 
analytic solution to serve this purpose. For this purpose, two main general solution 
methods based on different techniques are known: (1) first derivatives of the model 
and (2) first order methods. Newton's method can be counted in the first category. 
For the second class of methods the most famous is the Gauss-Seidel method together 
with the Jacobi solution method and the optimized procedures derived form them 
such as: Successive Over Relaxation (SOR) draw from Gauss-Seidel method, Jacobi 
over-relaxation (JOR) or Fast Gauss-Seidel (FGS). 
There are several known methods for solving non-linear models with forward expec- 
tations based on the iterative procedures mentioned above. (1) The stacked solution 
method. This method can be applied using any of the nonlinear solution methods 
already mentioned after writing it as a system of equations (stacking the system of 
equations for each time period t) and ordering them (if the method is order-dependent 
like Gauss-Seidel method). The stacked Newton method with the Jacobian matrix can 
also be applied. (2) The Fair-Taylor (1983) solution method proposes a first order 
solution method for a nonlinear dynamic model with consistent expectations. (3) The 
shooting method starts from the reduced form of the stacked system. This method 
rewrites the model solution problem as a two-point boundary value problem where 
the boundary values are initial and terminal values of the expectations. Last but not 
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least is (4) the terminal conditions solution method. An excellent presentation of the 
computational techniques mentioned here can be found in Pauletto (1997). First order 
condition solution methods for nonlinear rational expectation models are extensively 
analyzed in Fisher (1992) who also applies these methods to large models of the UK 
economy. 
For the purpose of this research, the method chosen on criteria of efficiency and 
speed is the Jacobi over-relaxation solution method. This is defined by the iteration 
xi -f 
(x'. - xt, st; 0) , (5.10) 
where 
Ft = {xt-1, ..., xt-pI 
and 
24 = {St, St-1, ... , St_q} 
and generates a new solution using the previous iteration solution on the right-hand 
side of each equation. Iteration proceeds until a fixed point it found where: 
_ x-1. (5.11) 
In order to solve the non-linear rational expectation model (5.9), the iterative nu- 
merical method of Jacobi presented earlier is applied. Moreover, this method can be 
easily applied if the number of lags of response and state variables are the same (p = q) 
to allow the calculation of the covariances between E [xt+1] and E [st+1]. 
At moment t+1 the only unknown is E [xt+1] which also enters the expectation vari- 
able. Starting from an initial guess E [xt+l]° = x, each iteration 3,3 = 1, J generates 
a new vector of values E [xt+1]3 based on the previous iteration. 
Convergence is achieved when 
max` 
IE [xit+i]3 
-E [xit+1]3-1 
1<e, 
where i=1, n, n finite, is the index of an element in the vector E [xt+l] and e is chosen 
precision. 
To find an initial value of cov [st+i, Xt+1], the model is initially solved assuming 
that there is no correlation between the state and response variables E [st+1J and 
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E [xt+l], first under the assumption wo =1 and Eý±i wj =0 and then assuming that 
they are fully correlated, wk+1 =0 and Ek 0 wj = 1. Given the outcomes of these 
experiments, the starting value of the covariances is constructed according to (5.8), 
where the expected value of the price E 
[xt+, ] tis calculated according to (5.7) given 
that at the first iteration, zo(xt+zl) = xt+l obtained under the first assumption and 
zk+i (xt+ti) = xt+l under the second one. 
After all the settings for the initial point have been done, the iterative process starts 
and continues until a fixed point is reached. During this process, new covariances are 
calculated at each new iteration, based on the outcome of the last iteration. 
J-1 
E [mot+l]ý _ 
a) b) Of 
([Xtý1]x 
-1' xt, E [st+1] 9 St, ?v 
(Xt(i+l, 
st+1) ;B ý- 
+(1 - ýb) E [xt+i]ý-' 
The scalar 0E (0,1) is a relaxation parameter which reduces the change between 
the iterations in order to speed up the convergence. 
5.4 Example 
In this section, the steps laid out in the previous section are applied to the model of 
this thesis in which imperfect credibility was incorporated in order to reach a solution. 
As seen in Chapter 3, firms are divided into two categories. For t= 21,1 E Z+, 
firms from the first set can freely change their price for output, pl, t (i), while the firms 
belonging to the second set must sell output at the same price set a period before, 
p2, t(i) = p2, t-1(i), unless they pay the fixed cost k>0, measured in terms of labour. 
For t= 21 + 1, the roles are reversed and the first set of firms keep prices unchanged, 
pl, t(i) = pl, t_i(i) unless they are willing to pay the fixed cost k, while the second 
set of firms, can freely set new prices. The model assumes that firms are constantly 
re-evaluating their pricing strategy and weighting the benefits of holding prices fixed 
versus the alternative of changing prices and incurring the fixed penalty. However, 
at moment t the firms belonging to the set of firms that can freely change price are 
able to choose between the two strategies, depending on whether the inflation rate is 
moderate or high. At more moderate rates of inflation or in face of gradual changes in 
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the monetary stance, they are more likely to keep their prices constant for two periods 
and hence avoid the cost k (single price strategy). On the other hand, in the case of 
a high inflation or in the face of sharp changes of the monetary stance, firms are more 
likely to choose a new price and pay the cost k (two price strategy). The criterion for 
a price-setting decision at time t is to maximize the returns to the shareholders. In 
this chapter the focus will be on solving the model for the single price strategy which 
was discussed in 3.3.1. It has to be mentioned that solving the model for the two price 
strategy follows exactly the same procedure as for the single price strategy which will 
be discussed in this section. Therefore, it is unnecessary to present the solution for the 
two price strategy here as well. 
Before the two steps presented in the previous section are followed, however, a third 
one has been added in order to write the model in a structural form and in terms of 
the state, response and expectation variables. The first step describes the expectation 
updating, the expectation variable, the way the covariance term has been calculated 
and ends with the model written in the explicit form. The second step illustrates the 
way the iterative solution method described in the earlier section (at Step 2) has been 
operated. It is seen that k=1 and p=q=0. 
5.4.1 Step 0 
This additional step is necessary in order to write the equations of the model (the price 
(3.14) and the profit (3.16) equations) in terms of the state, response and expectation 
variables and to present the model in a structural form, ready for the next step. 
Given that: 
A 
Yt= Pt, 
these relations will be rewritten so as to be expressed in terms of the response and 
state variables, Pt and Mt. 
First, from equation (3.14), the price is: 
1b 2b 11 -b 2b-1 b Pt 111t + OEtPt+l Mt+1 
pt(i) =b-1 pa-b j j2b-a-1 +QE Pa-bM2b-a-1 
(5.12) 
ttt t+1 t+1 
under the single price strategy, from equation (3.16) and 
Pt(Zý =b _b 1Pb-1M1-a 
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or 
under the two price strategy. 
bb11a 
Pt+i (z) =b-1 Pt Alt+1 
Second, from (3.13), the profit IIt(i) for the case of the single price strategy in terms 
of response and state variables is: 
pb-lMl -b 
{PraMt Lp 
t)1 
1-b 
_ LMt)1-b + (5.13) J 
1-bL -b Pt+l +QEtP+i -1M+' I. t+i)] - 
Etai. Nf +1 L M+i)] - 
8Xt+1(i)k. 
For each of the possible prices that may be chosen (single or two price strategy), the 
profit is calculated and through a simple maximization scheme the price that maximizes 
the profit is identified. In this example, the case in which the profit is maximized under 
the single price strategy is presented. The (maximizing) price pt(i) given by (5.12) is 
expressed as: 
W ýY (Pt, Mt, E 
[ptl; 
ib] E 
(M2il E [pa_b] E [t2b_1_al Z+i) , ptO =L t+1 J, t+l J 
where 
ZIP 
1E {pl_bAf2b_ll E 
Ipc 
_bf2b-a-11 
l 
+l =1 t+l t+l J, L t+l t+l JJ 
and the profit IIt(i) given by (5.13) is represented by: 
IIt (i) =0 
(P, MtE [P +i -1] 'E 
[M +l +a] 
ýE 
[P +1] 
+E 
[M] 
' pt 
(i), pt+1(i), Z +, 
) 
where 
Denoting: 
Zte+1={E [pb-a_IM1_b+Ql+E [P; 11M1b]} 
ELMt+i) = 
{M+i1'M+iQ-i'M+t 
i+a, M+i 
}, 
t+lý = a-b 
b-1 b-a-1 [1' {pi_b t+i , Pt+i ' ý't+i , Pt+i 
Z+a = 
{Z+i)Z®1} 
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the equation of the maximized profit can be given as: 
nt(z) _ 19 
(, E [Pt+i] , Zt+e) 
In the structural form, the problem is written as: 
f ([P+] , Pt, E[Mt+i], Aft, Zee; O) =0, 
where f: RdP+d" X RdM+dM x Rd= x Rde --> Rd'' is the equilibrium (valued) function 
where the dimensionalities of the response, state and expectation spaces are equal: 
dp = dm = dz = de =n= 202 (the number of elements in the vector), 0 is vector of 
parameters of the same dimension. 
The next step consists of mapping the non-linear stochastic problem into a more 
convenient form to work with numerically. 
5.4.2 Step 1 
At moment t+1 the only unknown is E [Pt+l] which enters the expectation variable. 
However, E [Mt+l], the expected money supply, is given by (5.7) in which k=1. This 
is calculated as follows: 
1 
E [Mt+l) =E [z(. N7t+1)] = wjzj(Mt+1-j) = wozo(Mt+l) + wlzl(Mt), 
j=0 
where the weights wo and wl are the probabilities associated by the private sector 
to each of the two outcomes of z. Therefore, wo = (1 - pt) expresses the probabil- 
ity with which the private sector is expecting the monetary authority's money supply 
(zo (Mt+l) = Mt+i) and wl = pt expresses the probability with which they are expect- 
ing an alternative, more inflationary path of the money supply for which two choices 
have been modelled in this thesis as presented in section 4.2.1. First, agents perceive the 
authorities as reverting to the previous steady state inflation, case in which they expect 
the money supply to return to its previous steady state (zl (Mt) = 0-1Mt) , Pt E 
[0,11. 
Second, agents fear that the government will `run out of steam' so that at time t (for 
0<t< T) the growth rate of the money stock will be equal to the growth rate between 
t-1 and t (zl(Mt) = Ot_1Mt+j-i) , pt E 
[0,1]. The expected money supply E [Mt+l] 
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is calculated according to (4.3) or (4.4), as a weighted mean between the first outcome 
and each of the two alternatives of the second one. 
The expectation variable Zt+l is given by: 
Zt+1 =Z +ei = 
JE {p1_bAf2b_1] 
'E 
{p_bj12b_a_1l 
,EIp_ -1 M 
+i+a, E [P +1 +iJ J 
or in a shorter form by: 
4 
Zt+i =E [hi(Pt+i, Mt+l)] , 
where the function hi takes the form: 
1ts(Pt+1, Mt+i) = Pt+iM+i, i=1,4 
where h: Rn x R' -º R', and both a(i) and b(i) have the domain given by the 
set {1,2,3,4} taking values in a set of the parameters of the model and algebraic 
combination of them denoted by S. 
Thus, a: {1,2,3,4} -º S, b: [1,2,3,4}--+S3, 
where a(i) = 
b-1, i=1,4 
a-b, i=2 
b-a-1, i=3 
2b-1, i=1 
and b(i) 
2b-a-1, i=2 
1-b+a, i=3 
1-b, i=4 
Further, the expectation variable Zt+l : 
44 
Zt+i =E [hi(Pt+i, Mt+i)] _E 
[Pi+i M4ý'2=1,4 
i=i z=i 
which leads to: 
4 
Zr+i = 
(E [Pt+i +E [Mt+ti] + cov 
(pa(i) 
' 
t+i)) 
The covariance term is: 
cov 
(Pt+(j), M +i i) =E 
[z ((Pt+i 
-E 
[Pt+l 
J1M 
+'1 
-E 
[A1t+y1 
JJIJ' 
'Basically, S= {b - 1, a-b, b- a-1,2b- 1,2b- a-1,1 - b+a, l -b}. 
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The approximation of expectations operator (5.7) is applied again: 
cov 
(Pt+i M +1i) 
= wo 
(i«° 
-E 
[pa(i)]) (Mt (1) 
-E 
[Mm]) + 
+wl L \Pt+i -E 
[]) (Mb(i) 
+- ELM +(', 
) 
where further used in the computation of the covariance are the relations: 
E [ý't+i ]= wpzp 
(pa(i)) 
+ wlzi 
(Pi+1) 
and 
E [Ac +'i] = wozu 
(M()) + wlzl 
(vr) 
where wo and wl are as specified above and z: Rn --r Rn is the identity function. 
The expectation variable is: 
Zt+1 = 
IE [i] }i 
1+ 
JE[Mtb(+i)] 
1}4 1+ 
{cov (Pt+1 M+i) 
J, 
=1 
or equivalently: 
Zt+i =E 
[Pt+l +E [M +Zi] + cöv 
(Rt+j, M +i) 
, 
where 
and 
[Pt+l ]= {E [? ] }4 
1' 
E 
lAt+b 
b(il)4 2iJ = lE 
[Mm] 1 
i=1 
\ 
¢(i) 
+1) = 
{cov a(i) b(i)/ }v Mt+i Pt+l + Mt+l Z-1 
At this stage the explicit form of the system can be written as: 
E [Pt+i] _ .f 
(E [Pt+i] ,E 
[pi+i] 
, Pt, E 
[Mt+i], A1t, E [ý't+i E [Mb(i)] , cov 
(Pa(i)' m t+il ' B, 
or 
where 
E [Pt+i] =f (E [Pt+1], Pt, E [M1t+1J , Mt, cöv 
(Pt+i Mt+2i) ; 0), 
E[Pt+i) = 
{E[Pt+i], E [Pta+(, )]} , E[Mt+i] = 
fE[Mt+11, T [At+i]} 
112 
The model in its explicit form is: 
E [Pt+i] =f (E [Pt+i] 
[It+] 
, Pt, E [M1t+i] , Mt, cöv 
(pa(i) 
, Mi+i) 0). 
i (5.14) 
At this stage, we are able to move on to the next step which constructs the equi- 
librium condition. 
5.4.3 Step 2 
In order to solve the non-linear stochastic model (5.14), the iterative numerical method 
of Jacobi over-relaxation presented in the previous section (5.3.2) of this chapter is ap- 
plied. Starting from an initial guess E [Pt+1]° = P, each iteration 3,3 = 1, J generates 
a new vector of values E [Pt+i]2 based on the previous iteration. 
Convergence is achieved when 
max aIE [Pit+1]-? -E [Pit+1]3-1 
I< -, 
where i=1,202 is the index of an element in the vector E [Pt+l] and e is a chosen 
precision. 
The initial guess is given by the steady state. To find the value of cov [Mt+1, Pt+1J at 
steady state, the model is initially solved assuming that there is no correlation between 
the state and response variables, the money supply and the prices, Mt+l and Pt+l, first 
under the assumption of perfect credibility/foresight (this is the non-linear model with 
rational expectations) which corresponds to wl =0 and than assuming absolute lack 
of credibility wo = 1. 
Given the outcomes of these experiments, assuming that the economy behaves in 
the two extreme cases of perfect and then absolute lack of credibility, the starting 
value covariance is constructed according to (5.8), where the expected value of the price 
E [pt+1 ] is calculated according to (5.7) given that at the first iteration, zo(Pt ýzl) = Pt 
obtained under the first assumption and zl (Pt+i) = Pt under the second one. 
After the settings for the initial point given under steady state are realized, the 
iterative process starts and continues until a fixed point is reached: 
E [P +i"] _ Of 
(. [P + x] 3-1, Pt, k [Mt+i] 
, Mt, cov 
(pt+l 
' t+ii)J_1; B) 
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+(1-ý)E [P+i`]'-1 
During this process, at each new iteration, the price that maximizes the profit is 
found and the new covariances, based on the outcome of the last iteration are cal- 
culated. The process stops when the difference between two consecutive maximizing 
profit prices is less then a given precision. The last price calculated is the one retained. 
Given this, the output vector Yt can now be calculated using again: 
Yt = 
pt 
, 
where Mt is the money supply announced by the monetary authority and Pt is the one 
that has just been determined. 
It is important to stress that in the case of perfect foresight the expectation variables 
are redundant as are the covariance terms, so the solution to the model under prefect 
foresight requires only the second of these steps4. 
5.5 Conclusion 
This chapter explains the framework and the methodology employed to solve the model 
described in Chapter 3 in which, the case of imperfect credibility described in Chapter 
4 was incorporated. So far, in the literature work has been done only considering the 
case of perfect foresight. 
After presenting a general modelling framework described by an equilibrium condi- 
tion, an expectation variable and an expectation updating rule, a more specific frame- 
work, representative for the model discussed in this thesis becomes the focus of atten- 
tion. This allows to explain the way in which the model has been solved. This was 
achieved in two steps. The first step entails mapping the non-linear stochastic problem 
into a form more convenient to work with numerically. The second step constructs the 
equilibrium solution to that simpler problem. Given that for the case of perfect fore- 
sight the expectation variables are redundant as are the covariance terms, the solution 
to the model under prefect foresight requires only the second of these steps. 
Finally, the solution method described was applied to solve the model of this thesis 
4A computational solution procedure in MatLab has been developed to solve the model applying 
this solution. 
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(described in Chapter 3 and adjusted with the imperfect credibility of Chapter 4) and 
we discussed in detail the solution procedure for the case of single price strategy. A 
third step has been added in order to allow the model to be written in a structural 
form and specifically, in terms of the state, response and expectation variables. 
After presenting the model chosen to address the issue of imperfect credibility in 
a transition to price stability in Chapter 3, the way imperfect credibility has been 
modelled in Chapter 4, and the methodology employed to solve this new model in this 
chapter, attention can be finally focused on the analysis of the behaviour of both output 
and the optimal speed of disinflation during a disinflationary process when there is a 
temporary lack of credibility. These will be discussed in depth in the next two chapters. 
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Chapter 6 
Output Effects of Disinflation under 
Perfect and Imperfect Credibility 
6.1 Introduction 
At this stage, the main aim of this thesis, namely the analysis of the behaviour of 
output during a disinflation policy and that of the optimal speed of disinflation in 
conditions of imperfect credibility, in an economy like that described in Chapter 3, can 
be finally pursued. The focus of this chapter is on the behaviour of output. 
As presented in Chapter 2, recent research by Ireland (1997), Ball (1994), King and 
Wolman (1999), Khan, King and Wolman (2003) has discussed the effects of monetary 
contractions in an economy in which the supply side of the economy is characterised 
by monopolistically competitive firms and in which there is rigidity in the settings of 
prices, under the assumption of perfect foresight. The main results arising from this 
work significant to this thesis are: 
1. In the periods following a contraction in the money stock, real output is likely to 
fall below its long-run equilibrium level. 
2. A gradual disinflation may actually result in output, after its initial decline, rising 
above its new steady-state level, and remaining high for some time. 
Although literature discussing the behaviour of output under both cases of perfect 
and imperfect credibility is available, no research has been conducted in a setup for 
imperfect credibility like the one described in Chapter 4. This setup allows the exami- 
nation of the behaviour of output during a disinflation policy under a temporary lack 
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of credibility in a more complex, but now standard economy as previously described 
in Chapter 3. 
Therefore, the two above presented results from the existing literature can now be 
explored in such conditions and the behaviour of output after a monetary contraction 
when the price setters are assumed to learn in various ways about the government's 
announcement of the money supply can be analysed. This setup led to some computa- 
tional complexities related to the optimal choice of prices by firms who not only have to 
forecast future demand and cost conditions, but also have to forecast their covariances, 
as seen in the previous chapter. 
This chapter will present an analysis of the behaviour of output during a disinfla- 
tionary process, under both perfect and imperfect credibility, focusing on the latter. 
First an analysis of output's behaviour during a disinflationary process in an econ- 
omy under perfect foresight as in King and Wolman (1999) and Ireland (1997) will 
be presented, followed by a presentation of the case in which the disinflation process 
takes place in an environment with (temporarily) imperfect credibility. Under imper- 
fect credibility, under each of the expectations updating discussed, the learning process 
is determined, as presented in Chapter 4, by: the initial degree of credibility of the 
private sector in the government announcement, the length of the learning period over 
which perfect foresight is achieved and the type of learning process itself (concave or 
convex). Therefore, an attempt will be made to identify the output effects of each of 
these factors and to quantify them when they appear. This is achieved by comparing 
various (simulated) paths of output during disinflation which are obtained by keeping 
all the other above mentioned factors that determine the learning process constant, 
and varying the factor under study. 
While trying to study the effects of various factors that influence output's behaviour, 
a distinction will be made between the elements that define the settings for the study 
of a disinflationary process such as: the length of the period of disinflation and the 
initial annual inflation rate, and those that establish the settings for a learning process 
such as: the length of the learning period over which perfect foresight is achieved, the 
initial level of lack of credibility and the type of learning. All these were presented in 
detail in Chapter 4. Moreover, each of these factors will be studied under both the 
expectation updating rules (4.3) and (4.4) presented in section 4.2.1. 
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The outline of the chapter is as follows: the behaviour of output under the case 
of perfect foresight is presented in Section 6.2. Section 6.3 presents the behaviour of 
output under (temporary) imperfect credibility. This section presents the output effects 
of each factor involved in defining of the learning process. Subsection 6.3.1 presents 
the output effect of the type of learning, followed in 6.3.2,6.3.3,6.3.4 by the output 
effects of the expectation updating, the length of the learning period over which perfect 
foresight is achieved and the initial level of lack of credibility respectively. Section 6.4 
concludes. 
6.2 Output Effects of Disinflation under Perfect 
Credibility 
The results presented in this section' are taken from Ireland (1997) and are realized 
in an economy under perfect foresight. He presents the behaviour of output under the 
cases of an immediate and a gradual disinflation (over 3 years) of a small (3%) and a 
high (200%) initial annual inflation rate. Looking at the evolution of the output under 
all these cases in order to minimize the output loss, he concludes that under perfect 
foresight small inflations are best disinflated gradually, while big inflations are best 
disinflated immediately. Disinflating a small inflation immediately brings a big output 
loss. However, the output loss is minimized if the disinflation is more gradual. For the 
case of a high inflation, the results are the opposite. 
Figure 6-1 shows the effect of an immediate disinflation (T = 1) (see (3.19)) on 
output when the initial annual inflation rate is 3% (the dotted line). From here it 
can be observed that at relatively low rates of inflation, immediate disinflation is quite 
costly. The initial fall in output is almost 1.47% and this persists for two consecutive 
periods of time, as firms follow a single price strategy. The `hump-shaped' response 
is due to the fact that the first set of firms, in order to set new prices, increases their 
prices. Past inflation has eroded their relative real price and now they face a relatively 
large increase in demand for their products (since the firms that do not re-price have 
relatively high prices and hence relatively low demand). 
The next case presented is the gradual disinflation of the same initial annual infla- 
'replicated by the author of the thesis for the purpose of this research. 
118 
021 
.--------- 
2345R of ee 10 11 12 13 14 15 16 17 +6 19 20 
-ost " 
-04 a, 
$s 
1 as " 
°" Annual Inflation Rate 3% 05 
.. 1 
. 08 ,/ Annual Inflation Rate 200% 
.12 
-1. a 
-10 
-18j 
Time 
Figure 6-1: Output Effects of Immediate Disinflation under Perfect Credibility. Initial 
Annual Inflation Rates 3% and 200% 
04 
03 
m N 
ý 02 
m 
U) 01 
A a 
m 
> 
0 
ä 
"0.1 
-02 
-03 
Time 
Figure 6-2: Output Effects of Gradual Disinflation under Perfect Credibility. Initial 
Annual Inflation Rate 3%. T=6 
119 
101 
0 
h 
. 10 
d h 
ä -20 
3 
0 
. 30 
,o 
. ýJ Time 
21 
Figure 6-3: Output Effects of Gradual Disinflation under Perfect Credibility. Initial 
Annual Inflation Rate 200%. T=6. 
tion rate of 3%, when the disinflation takes place over a period of 3 years (T = G). The 
path of output is plotted in figure 6-2. Here there are two striking things: 
1. The fall in output is much smaller. In the fist period, after the disinflation process 
is announced, the fall in output is only 0.24%, compared to the perfect foresight 
case where the output falls to 1.47% below the initial steady state. The output 
loss, (measured by the area between the curve describing the output behaviour 
and the initial output steady state, the Ox axis) is obviously smaller than under 
the immediate disinflation case. 
2. Moreover, weobserve that after period 3, which corresponds to one and a half 
years, a disinflationary boom appears2. The explanation given for these booms 
so far is that under the case of perfect credibility, agents are behaving in advance 
of the change in policy, lowering their relative prices, knowing that in future, the 
inflation is going to be lower. Agents set prices for two periods, and because 
inflation will be lower in the future, they set lower prices today, causing a boom. 
Furthermore, after an initial drop in output, a gradual disinflation leads to a dis- 
inflationary boom for a relatively prolonged period but also to a new steady state for 
2The disinflationary booms were first observed by Ball (1994) and King and WVollman (1999). 
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Figure 6-4: Output Effects of Gradual Disinflation under Perfect Credebility. Initial 
Annual Inflation Rate 3%. T from 1 to 10. 
the output which is above the initial one. So far, by comparing figure 6-1 to figure 6-2 
it can be seen that small inflations are best disinflated gradually. 
Looking at more gradual disinflations, that takes place over 1,2,3 and 5 years 
(T = 2, T=4, T=6, T= 10), it can be seen in figure 6-4 that a more gradual 
approach to disinflation results in a correspondingly small output loss. 
The immediate disinflation of a 200% initial annual inflation rate, plotted in figure 
6-1 (the full line) shows that at higher rates of inflation, disinflation can proceed with 
no relative-price distortion. This is due to the fact that in an environment with high 
inflation, firms re-price every period adopting the two price strategy described in 3.3.2. 
However, this is not the case at all for a gradual disinflation which takes places over 3 
years. As seen in figure 6-3, here there is considerable loss in output. 
This chart shows that at high initial rates of inflation, the loss of output in the 
initial periods can be substantial if a gradual disinflation is adopted (in this case of 3 
years). This is explained by the fact that at high rates of inflation firms do not initially 
change their prices and end up with big output losses. 
To conclude, three main issues must be kept in mind: 
1. In order to be realized with minimal output losses, small inflations are best 
disinflated gradually, while big inflations are best disinflated immediately. 
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2. In the periods following a contraction in the money stock, real output is likely to 
fall below its long-run equilibrium level. 
3. A gradual disinflation may actually result in output, after its initial decline, rising 
above its new steady-state level, and remaining high for some time. 
In data, periods of disinflation are rarely accompanied by such booms. Therefore, 
naturally, these results raise the question of how output will be affected by (temporary) 
imperfect credibility during a disinflation process. More specifically, the question raised 
is of whether the output boom will still appear or not. If the answer is positive, then 
the focus moves onto what determines its appearance. Consequently, the output effect 
of each of the factors determining the learning process will be analysed. 
6.3 Output Effects of Disinflation under Imperfect 
Credibility 
This section presents an analysis of the behaviour of output under a disinflationary 
process when there is not perfect credibility but when the agents are learning over 
time and eventually achieve perfect foresight. The output effects of each of the factors 
determining the learning process: the length of the learning period over which perfect 
foresight is achieved, the initial level of lack of credibility and the type of learning are 
discussed. Needless to say, only the two non-linear types of learning will be considered. 
In comparing the two types of non-linear learning under each of the expectation 
up-dating (4.3) and (4.4), the conclusion is that the way the private sector learns at 
the beginning of the change in policy is pivotal: disinflation under concave learning 
is more costly, as agents initially adjust slowly to the new announced path of money 
supply. Under convex learning agents avoid some of the more costly mistakes early on 
in the disinflation compared to concave learning. 
Furthermore, depending on the expectation updating, the output effects of the type 
of learning are minimized, especially under the second expectation updating. The 
cost of disinflation under concave learning is reduced under the second rule, since the 
initial expectational errors are much reduced. For this reason, under the second rule, 
the concave paths of output are extremely close to those seen in the case of perfect 
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foresight. This result suggests that the disinflationary booms are more likely to occur 
under (4.4) while, convex learning tends to make these booms disappear. 
Regarding the length of the period of time over which learning is achieved, the longer 
this is, the longer and more severe the recession will be. This is valid under either 
concave or convex type of learning, regardless of the expectation updating. Evidently, 
the recession/output loss is much bigger under the concave learning. Also, it can be 
observed that for learning periods greater than 5 years and for small inflation rates, 
output displays a cyclical behaviour. Although the (negative) output effects of the fact 
that the public is reluctant to believe the government's announcement at the beginning 
of the regime change appear to be minimized under the second expectation updating, 
these are propagated into the future appearing later also due to an overlapping effect. 
Another aspect is that a high level of credibility at the beginning of the change in policy 
minimizes the output losses. 
The higher the level of credibility of the private sector at the beginning of the 
change in policy, the smaller the cost of the disinflation is in terms of output loss. 
Second, the effects of a learning type on the cost of disinflation dominate those due to 
a low level of credibility. This means that even if there is absolute lack of credibility at 
the moment of the regime shift, if the policymakers can gain the private sector's trust 
by making the policy more credible to the private sector (by for example increasing 
transparency and/or communication) disinflation can be realized with smaller output 
loss. If the manner in which the expectations are formed can be influenced to make 
the private sector learn faster (to achieve faster perfect foresight), then this can make 
a change to the cost of disinflation. Influencing the manner in which expectations are 
formed in the right direction can also lead to a shorter period of time over which the 
private sector is learning. It has also been establish in this research that the shorter 
the learning process, the better. 
6.3.1 The Output Effect of the Type of Learning 
This subsection investigates the effect of the type of learning during a disinflation 
process on the path of output. The output effects of the type of learning are studied 
under the case of a gradual disinflation realized over 3 years (T = 6) of the same initial 
annual inflation rate of 3%, considering that perfect foresight is achieved in 3 years 
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(N = 6). It is also assumed that at the beginning of the regime change, the learning 
process starts from an absolute lack of credibility of the private sector (po = 1). The 
investigation is first undertaken for the expectation updating rule (4.3) and secondly 
for (4.4). These will be referred to in the figures present in this thesis as R1 and R2 
respectively. The results are compared in the first instance to those obtained under 
the case of perfect foresight and then are compared to each other. 
In order to provide a complete discussion of the output effect of the type of learning, 
first these are analysed separately under each of the two expectation updating rules 
presented in this thesis, in section 6.3.1.1 (first rule (4.3)) and in section 6.3.1.2 (second 
rule (4.4)). 
6.3.1.1. Expectation Updating (4.3) 
As presented in section 4.1.1, the first expectation updating rule considered is when 
agents perceive the authorities to be reverting to the previous steady state inflation. 
The concave learning presented in section 4.2.3, captures the case in which agents 
are reluctant at the beginning of the change in policy to believe the announcement of 
the monetary authority, but as time goes by they are more willing to accept it. This 
subsection investigates the implications of this type of learning on the behaviour of 
output when disinflation is implemented immediately and then gradually. 
For the case of an immediate disinflation of a 3% initial annual inflation rate, figure 
6-5 shows that the output in the second period of time falls even more under concave 
learning in comparison with the case of perfect foresight. Also, due to the fact that 
the learning process takes time, the output loss is bigger. As discussed in section 6.2, 
as a small inflation is best disinflated gradually, an immediate disinflation under the 
case of imperfect credibility is not desirable. 
For the case of a gradual disinflation, figure 6-6 compares the path of output under 
concave learning to that obtained under the case of perfect foresight for the same 
initial inflation rate of 3%. The contraction in output is more pronounced and more 
protracted under imperfect credibility. The output keeps falling in the second period 
as well. And, even though by period 6 (3 years) agents in both economies have the 
same information, the effect of imperfect credibility remains for some time, clue to the 
overlapping nature of price setting, under the initial steady state level. 
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Figure 6-7: Output Effects of Immediate Disinflation under Concave Learning. Initial 
Annual Inflation Rate 200%. 3 Years to Perfect Foresight. Ri 
One of the potential counterfactual implications of the case of perfect foresight is 
the `disinflationary boom' or the tendency for output to rise above its new steady state 
level under a gradual disinflation as agents anticipate lower future price-levels. Figure 
6-6 shows that under concave learning this effect vanishes as output falls more sharply 
and does not rise above its new steady state value along the transition path. Agents 
only gradually come to realize that the price-level is growing at a zero rate, a realization 
that is delayed due to the gradual nature of the disinflationary process itself. 
For very high initial inflation rates, the fall in output following an immediate dis- 
inflation is catastrophic, as figure 6-7 demonstrates. It is also of a similar order of 
magnitude under a more gradual disinflation, as plotted in figure 6-8. Here the output 
effect of the concave learning is much enhanced when there is a high inflation: the fact 
that the private sector is reluctant to believe the government's announcement at the 
beginning of the change in policy, has a considerable effect on output. However, this 
is diminished under convex learning, but still far from acceptable. 
The convex learning, presented in section 4.2.4, reflects the learning path of a 
population who, although happy to accept that the monetary authority also dislikes the 
current, relatively high, rate of inflation, they worry that as the slope of the short-run 
Phillips curve flattens, the monetary authority may be tempted to renege. Figure 6-10 
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Figure 6-8: Output Effects of Gradual Disinflation under Concave Learning. Initial 
Annual Inflation Rate 200%. T=6.3 Years to Perfect Foresight. Rl 
shows that the drop in output under immediate disinflation under convex learning leads 
to a drop in output more severe than, but close to, the drop under perfect foresight. 
Agents tendency to believe the authorities when they announce a decrease in the 
money growth rate but also to become more reluctant to do so as time goes by, allows 
the disinflationary booms to occur. It can be observed that for `moderate' rates of 
inflation such booms are absent, whether the disinflation is immediate (figure 6-10) or 
gradual (figure 6-11). 
Comparing the output effects of concave and convex learning under the 
first expectation updating rule it is apparent from the figures presented so far that, 
regardless of the initial annual inflation rate, the output under convex learning closely 
resembles that of perfect foresight. The reason for this is that the convex path of pt 
means that agents avoid some of the more costly mistakes early on in the disinflation 
that occur under concave updating. This means that the credibility of the private 
sector at the beginning of the announcement of the change in policy plays a major 
role. 
A boom in output still occurs even under the case of imperfect credibility, when 
the private sector is willing to believe the announcement of the monetary authority at 
the beginning of the regime change. This holds even though with time, agents become 
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Figure 6-11: Output Effects of Gradual Disiflation under Convex Learning. Initial 
Annual Inflation Rate 200%. 3 Years to Perfect Foresight. R1 
significantly less engaged and responsive, in other words, more `lazy' or less inclined 
to consider the announcement of the monetary authority regarding the money supply 
or they worry that as the slope of the short-run Phillips curve flattens, the monetary 
authority may be tempted to renege. 
This demonstrates that the appearance of the `disinflationary booms' in an envi- 
ronment with imperfect credibility depends on the type of learning involved relative to 
the speed of disinflation, in other words depends on the speed of learning relative to 
the speed of disinflation. 
6.3.1.2. Expectation Updating (4.4) 
The second expectation updating rule employed is when agents expect the disinflation 
policy to stall, in other words, when they expect an inflation rate equal to that of the 
previous period. Under this rule, the path of output is expected to be much closer to 
that achieved for the case of perfect credibility in comparison with that achieved under 
the first rule. This is due to the fact that under the second rule, the expected money 
supply is closer to that announced by the monetary authority, in comparison with the 
case in which the expected money supply is calculated according to the first expectation 
updating rule. The reason for this is that under the second expectation updating, the 
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Figure 6-12: Output Effects of Gradual Disinflation under Concave Learning. Initial 
Annual Inflation Rate 3%. T=6.3 Years to Perfect Foresight. R2 
level of the money supply that the private sector is thinking it is most likely to get, 
is much closer to that announced by the monetary authority in comparison with the 
first expectation updating. Under the second expectation updating the level of money 
supply expected by the private sector is that of the previous period, while under the 
first expectation updating the expected level is that of the moment of change in policy. 
This makes a major difference for the behaviour of output as the initial expectational 
errors are smaller under (4.4) than under (4.3). 
In figure 6-12 it can be seen that under the second expectation updating rule, for 
concave learning, the output boom still appears, although it is smaller in comparison 
with the case of convex learning. This can be seen in figure 6-13. 
This is explained by the fact under the second expectation updating, the expected 
money supply (calculated as the weighted mean between what the private sector thinks 
may be likely and the money supply announced by the authorities) is closer to the case 
of perfect foresight. From the analysis of the first expectation updating in section 
6.2.1.1 it has been seen that the difference between the two types of learning arises 
from the way the private sector learns about the (level of the) money supply, and how 
fast it learns at the beginning of the change in policy. Learning can occur more quickly 
(under convex learning) or more slowly (under concave learning). If the expected level 
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Figure 6-13: Output Effects of Gradual Disinflation under Convex Learning. Initial 
Annual Inflation Rate 3%. T=6.3 Years to Perfect Foresight. R2 
of money supply under imperfect credibility is not much different from that achieved 
under perfect foresight (due to expectation updating), the type of learning does not 
have much room for manoeuvre. This is due to the fact that at the beginning of the 
change in policy, the initial expectational error under (4.4) (the difference between the 
expected money supply under the second expectation updating and that announced by 
the authorities - perfect foresight) is smaller than under (4.3). In this case, the type 
of learning does not have a big effect on the behaviour of output, as opposed to the 
first expectation updating rule, where the expected money supply is much different 
from that announced by the central bank. This leads the price setters, although they 
find themselves under imperfect credibility, to set prices much closer to those under the 
case of perfect foresight. Therefore, the output path under convex learning is extremely 
close to that of perfect foresight. 
Comparing the output effects of concave and convex learning under the 
second expectation updating, it can be seen that many of the same qualitative 
results found under concave learning are present in convex learning, for both immediate 
and gradual disinflation of a small and big initial annual inflation rate. The difference 
between them is that under concave learning the output rises less than under convex 
learning (where it is very close to the output achieved under perfect foresight). This 
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suggests that the manner in which learning takes place makes a difference to output. 
This difference however, is diminished by the expectation updating type. If the private 
sector is willing to believe the money supply announced by the monetary authority at 
the beginning of the change in policy, output rises more than if they are reluctant to 
accept their announcement at the beginning, even if they are becoming more trusting 
as time goes by. 
Also, under this second rule, the disinflationary boom still appears, under both 
concave and convex types of learning. The conclusion is that in an environment with 
imperfect credibility, the appearance of the `disinflationary booms' also depends on the 
inflation the private sector thinks it is most likely to experience. 
6.3.1.3. Conclusions 
To summarize, under the first expectation updating, it has been shown that disinflation 
under concave type of learning is more costly in comparison with convex learning, 
as agents initially adjust only slowly towards the new announced path of the money 
supply. Under the convex path agents avoid some of the more costly mistakes early 
on in the disinflation common with concave learning. Therefore, the way the private 
sector learns at the beginning of the change in policy plays a major role. Furthermore, 
a boom in output occurs even under the case of imperfect credibility when there is 
concave learning, but this is no longer the case for convex learning. 
Under the second expectation updating it has been seen first that the disinflationary 
boom appears, under both concave and convex types of learning. As expected, under 
concave learning output rises less than under convex learning. 
Comparing the two types of non-linear learning under each of the expectation up- 
dating (4.3) and (4.4) it becomes apparent that the speed at which the private sector 
learns at the beginning of the change in policy is essential under both rules. However, 
the output effects of the private sector's learning are diminished under the second 
expectation updating rule. Another aspect that can be observed from here is that the 
inflation the private sector thinks is most likely to get has a stronger output effect than 
the type of learning involved. 
Regarding the `disinflationary booms' it can be said that these may or may not 
disappear in an environment with imperfect credibility, depending on the speed of 
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Figure 6-14: Output Effects of Gradual Disinflation under Concave Learning. Initial 
Annual Inflation Rate 3%. T=6.3 Years to Perfect Foresight. R1. R2 
learning relative to the speed of disinflation3. If under the first expectation updating 
rule the question was whether the output boom will appear or not, under the second 
expectation updating rule the question is whether the output boom will be as prominent 
as under perfect foresight. In order to achieve disinflation with minimal output loss, 
the learning process should be speeded up at the beginning of the disinflation process. 
6.3.2 The Output Effect of the Expectation Updating 
Given the results of the previous section, the output effects of the expectation updating 
are noticeable. Depending on the way expectations are updated, the output effects of 
the type of learning can be affected. As presented in section 6.3.1.2, it can be seen that 
these are diminished under the second expectation updating. The cost of disinflation 
encountered under concave learning is reduced under the second rule, since the initial 
expectational errors are much reduced. For this reason, under the second rule the 
concave paths of output are very close to those of perfect foresight. 
Figure 6-14 plots the output effects of a gradual disinflation (T = 6) of a 3% 
3The robustness of these results holds for the various values of each of the other two factors 
determining the learning process: the initial level of the lack of credibility and the length of the 
learning period over which perfect foresight is attained. This will be further seen in the following 
sections. 
133 
os 
04 1 
031, 
N 02 
01 
U) 
0 F 
C 
-01 
O 
a 
-02 
-03 
-04 
-05-1 
- 
 
i` 
Time 
Pt 
R1' 
RZ 
Figure 6-15: Output Effects of Gradual Disinflation under Concave Learning. Initial 
Annual Inflation Rate 3%. T=6.4 Years to Perfect Foresight. R1. R2 
initial annual inflation rate, for N=6, under concave learning, for both expectation 
updating studied here. Under the first rule recession appears, while under the second 
rule a disinflationary boom is registered. These results are better pictured in figures 
6-15 and 6-16 where the output effect of the expectation updating is more enhanced by 
an increase in N. Under the first rule, the recession becomes longer and more severe 
as N increases, while under the second rule the output boom is reduced, registering a 
cyclical behaviour. 
This difference in output effect which is due to the reasons mentioned earlier, is 
minimized under convex learning, as seen from figures 6-17 to 6-19, even though the 
length of the learning period over which perfect foresight is achieved is increased. 
Under either concave or convex learning, and especially under the former, the output 
gain can be improved if the private sector think that the inflation rate that will occur 
is that of the last period rather than that at the moment of the change in policy. Any 
level of inflation the private sector thinks is most likely to get other than that at the 
moment of the change in policy is preferable with respect to the output gain. 
To summarize, it can be said that depending on the expectation updating, the 
output effects of the type of learning are minimized, especially under the second ex- 
pectation updating. These are reduced under concave learning and especially under 
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the second rule as the initial expectational errors are also reduced. For this reason, 
under the second rule, the concave paths of output are extremely close to those of 
perfect foresight. Moreover, in the light of these results, deflationary booms are more 
likely to occur under (4.4) and, as before, concave updating tends to make these booms 
disappear. 
6.3.3 The Output Effect of the Length of the Learning Period 
The aim of this section is to identify the output effect of the length of the learning 
period over which perfect foresight is achieved during a disinflationary process. The 
length of the learning process (the period of time over which po starting from 1 gets to 
0) is not easy to ignore. 
A comparison with the case in which learning takes place over 3 years (N = 6) 
to the one in which perfect foresight is achieved over 4 and 5 years (corresponding 
to N=8 and N= 10), suggests that under either concave or convex learning and 
regardless of the expectation updating, the longer the period over which learning is 
achieved, the longer and more severer the recession will be. 
To underline the output effect of the length of the learning period the case in which 
perfect foresight is achieved over a period of 3 years is compared to the cases in which 
perfect foresight is achieved over 4 and 5 years. The study is carried out for the same 
case in which the annual initial inflation rate of 3% is eradicated over a period of 3 
years, under concave learning. Moreover, we follow the pattern from section 6.2.1, 
presenting first the behaviour of output under rule (4.3) for both learning types, and 
then under rule (4.4). 
6.3.3.1. Expectation Updating (4.3) 
Under concave learning when comparing figure 6-6 to figure 6-20, the effect one more 
year of learning has on output is striking. The recession which appears under the case 
of a3 year learning period (N = 6) becomes more severe and lasts for longer for the 
case in which the learning process is prolonged by one year (N = 8). 
This is explained by the fact that the speed of learning which is affected by the 
length of the learning period over which perfect foresight is attained (N), is decreas- 
ing and therefore it takes longer for the private sector to believe the government's 
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Figure 6-20: Output Effects of Gradual Disinflation under Concave Learning. Initial 
Annual Inflation Rate 3%. T=6.4 Years to Perfect Foresight. Rl 
announcement. In this case, one more year is needed to achieve perfect foresight and 
leads to a recession that lasts for two years more before output returns to the initial 
steady state. 
Figure 6-21 in which the learning process is considered to take place over 5 years 
(N = 10), shows that the output falls further in the subsequent periods (almost to 0.75 
below the initial level of steady state compared to 0.45 under the case in which the 
learning take place over 4 yeaxs (N = 8)), and stays under the initial level of steady 
state achieved under perfect foresight even longer. Therefore, under the case of concave 
leaxning, the length of time over which the private sector's learning process takes place 
is reflected in the length of the recession period. The longer the learning period of 
the private sector, the longer and more severe the recession period will be. It can also 
be said that the slower the speed of learning the longer the recession will be and also 
the higher the cost of disinflation will be. After the private sector achieves perfect 
foresight, it still takes another year for output to return to the initial steady state and 
on average two more years to achieve the level of perfect foresight steady-state output. 
The conclusion is that the shorter the learning process (in this case no longer than 
3 years), the better the output gain and the smaller the cost of disinflation. It can be 
stated that under a gradual disinfiation and concave learning, a long learning process 
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only has negative effects on the output prolonging the recession. If the learning process 
is long, the recession persists over a longer period of time and is more severe. 
Under the case of convex learning a disinflationary boom occurs, as seen in figure 
6-22, plotting the case of T=6, and N=6. Figure 6-23 plots the case in which 4 
years are necessary to achieve perfect foresight (N = 8). Here the disinflationary boom 
is reduced and so also is the output gain. 
This result is more obvious when comparing the case in which the learning process 
takes place over 3 years to the case in which the learning process takes place over 5 
years (N = 10), as plotted in figure 6-24. In this latter case, the output boom is much 
smaller. It is almost 0.15% above the initial steady state compared to 0.225% above 
the initial steady state for 4 years. Moreover, in comparison with the other two cases 
in which learning takes place over 3 and 4 years (N = 6, N= 8), for the case in which 
learning takes 5 years (N = 10), output falls below the perfect foresight level of steady 
state before returning to it. 
The conclusion is similar to that achieved by studying the effect of the length 
of the learning process under concave learning. While gradually disinflating a small 
initial annual inflation rate under either concave or convex learning, the length of the 
learning process is directly reflected in the length of the recession. Of course, this is 
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Annual Inflation Rate 3%. T=6.5 Years to Perfect Foresight. Rl 
more severe under concave learning. 
6.3.3.2. Expectation Updating (4.4) 
As seen in figure 6-12, in the case of concave learning and under the assumption that 
the leaxning process takes 3 years (N = 6), an output boom appears. However, this 
output boom is diminished and the output even falls under the perfect foresight steady 
state level when the leaxning process is one year longer (N = 8), as plotted in figure 
6-25. Under the case of concave learning, when the private sector is quite reluctant 
to believe the government announcement at the beginning of the change in policy, 
the output falls before getting to the perfect foresight steady state level. Although 
the (negative) output effects of the public being reluctant to believe the government's 
announcement at the beginning of the regime change are minimized under the second 
expectation updating, they occur in the future due to an overlapping effect from price 
setting behaviour. Hence, after the disinflationaxy boom, output begins to fall before 
ending at the perfect foresight steady state level. 
Looking at figure 6-26 which plots the output under the assumption that the learn- 
ing process takes 5 years (N = 10), the overlapping effect is enhanced. In this case 
the output has a cyclical behaviour. After falling initially (boing for two consecutive 
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Annual Inflation Rate 3%. T=6.4 Years to Perfect Foresight. R2 
04 
03 
y 
02 
y 
0.1 
C 
O 
. o., 
-02 
1 
-0, j Time 
Pf 
ro0=1 
Figure 6-26: Output Effects of Gradual Disinflation under Concave Learning. Initial 
Annual Inflation Rate 3%. T=6.5 Years to Perfect Foresight. R2 
- 
S 
I 
S 
I 
w 
I 
142 
03 
0 
02 
01 
c 
O 
0 
-01 
-02 
-03- 
Time 
pf 
ro0 1 
Figure 6-27: Output Effects of Gradual Disinflation under Convex Learning. Initial 
Annual Inflation Rate 3%. T=6.4 Years to Perfect Foresight. R2 
periods of time in recession), output records a much smaller (only 0.14% above the 
initial steady state comparing to 0.19% above the initial steady state for N= 8) dis- 
inflationary boom, followed again by recession. A longer learning process induces a 
cyclical effect on the output's behaviour, although the amplitude is reduced with each 
cycle. This reduction is explained by the fact that as the learning process takes place, 
the private sector gets closer to perfect foresight. At the same time, output is lead 
towards its perfect foresight steady state level. 
The robustness of the conclusion holds: the length of the learning process is directly 
reflected in the size of the output loss or gain as the same results are obtained for higher 
initial annual inflation rates, i. e. 10%4. 
For convex type of learning, as seen from figures 6-13,6-27,6-28, the output path is 
very close to that of perfect foresight, due to the reasons explained earlier. The output 
boom appears, and in comparison with the case of perfect foresight is diminished 
only under bigger values of N, but not by much. The conclusion from the previous 
subsection, therefore, is valid for convex learning. 
4The presentation of this case has not been included in the thesis. 
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Figure 6-28: Output Effects of Gradual Disinflation under Convex Learning. Initial 
Annual Inflation Rate 3%. T=6.5 Years to Perfect Foresight. R2 
6.3.3.3 Conclusions 
To summarize on the output effects of the length of time over which learning takes place 
during a disinflationary process, it can be said that disinflating gradually, under either 
concave or convex learning and regardless of the expectation updating, the longer the 
period of time over which learning is achieved, the longer and more severe the recession 
will be and also the higher the cost of disinflation will be. However, under concave 
learning, the output departures from the perfect foresight path are significant. These 
departures axe increased by a longer learning period resulting in even higher output 
loss. For this reason the recession is more severe and the cost of disinflation higher. 
Nevertheless, the output loss appears to be minimized under the second expectation 
updating regaxdless of the length of the learning period, as described in the previous 
section. Second, although the (negative) output effects of the public being reluctant 
to believe the government's announcement at the beginning of the regime change are 
minimized under the second expectation updating, they occur in the future as an 
overlapping pricing effect occurs. This makes the output loss persist and appear later 
on into the future. Hence, for learning periods greater than 5 years and small inflation 
rates, output registers cyclical behaviour. 
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Figure 6-29: Output Effects of Gradual Disinflation under Concave Learning. Initial 
Annual Inflation Rate 3%. T=6- 3 Years to Perfect Foresight. R1. ro0=1. roO=0.5 
6.3.4 The Output Effect of the Initial Level of Lack of 
Credibility 
An initial higher level of private sector trust in the monetary authority's announcement 
(po < 1), would make the disinflation less costly, in comparison with the case of absolute 
lack of credibility (po = 1). However, no studies have been carried out employing the 
measure of lack of credibility used in this study. Moreover, it appears to be difficult 
to quantify. This is the reason the entire study presented here has been carried out 
under the assumption that there is either a complete or an absolute lack of credibility. 
A number of experiments were run with different intermediate values for the initial 
level of lack of credibility, po E (0,1). In the context of this thesis it can not be said 
how to measure an intermediate half way initial level of credibility of the private sector 
in the government's announcement at the beginning of the change in policy except by 
po == 0.5. 
Figure 6-29, shows the output effects of such degree of lack of credibility for concave 
leaxning. Comparing the output for the case of po = 0.5 to the case of absolute lack 
of credibility (Po = 1), it can be seen as expected, a shorter and less severe recession 
than under the case of absolute lack of credibility. Furthermore, the path of output in 
this case records an output boom. Over all, the output gain is bigger. 
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Figure 6-32: Output Effects of Immediate Disinflation under Convex Learning. Initial 
Annual Inflation Rate 3%. 3 Years to Perfect Foresight. R1. ro0=1. roO=0.5 
Under convex learning, for the case of po = 0.5 the output is closer to that of perfect 
foresight (po = 1), but there is not a significant difference between these two cases, as 
seen in figure 6-30. However, the higher the level of credibility of the private sector at 
the beginning of the change in policy, the less painful the disinflation process will be 
in terms of output loss. 
It is also clear that the type of learning can prevail over a low level of credibility. 
This shows that if the private sector learns fast at the beginning of the regime shift, 
even if there is absolute lack of credibility at the first moment, the loss in output 
is reduced and the cost of disinflation is smaller in compaxison to the case in which 
there is a certain initial level of credibility at the moment of change in policy but the 
private sector is reluctant to believe the announced path of inflation (money supply). 
Therefore, even if there is an absolute lack of credibility at the moment of the regime 
shift, if the policymakers axe feeding the private sector trust so as their policy becomes 
credible, the disinflation can be realized with smaller output loss. 
The same conclusion is drawn regardless of the initial annual inflation rate, the 
length of the disinflation (figures 6-31 and 6-32) and the length of the period of time 
over which learning takes place. Under the second expectation updating, the output 
paths are literally almost identical. 
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6.4 Discussion and Conclusions 
This section offers some concluding remarks on the behaviour of output under a disin- 
flationary policy when there is temporary imperfect credibility, and on how the results 
obtained under imperfect foresight are different from those obtained under perfect cred- 
ibility. This section also draws conclusions on how the component parts of the learning 
process (as defined in this work) are influencing these results. 
As discussed in Chapter 2, the two main results standing out from the literature 
that have been further explored in this chapter axe: 
1. In the periods following a contraction in the money stock, real output is likely to 
fall below its long-run equilibrium level. 
2. A gradual disinflation may actually result in output, after an initial decline, rising 
above its new steady-state level, and remaining high for some time. 
From this study analysing the behaviour of output during a disinflationary process 
under imperfect credibility, it can be observed that: 
1. The impact of imperfect credibility is to make disinflation more costly in terms 
of output losses in the period immediately following the contraction in monetary 
growth; the path of output to its new steady state differs from the path under 
perfect foresight. That cost seems likely to be more pronounced under concave 
updating as agents adjust initially only slowly to the announced new path for the 
money supply. 
2. Nevertheless, the main result arising from this work is that here is demonstrated 
that the'disinflationaxy boom'found by Ball (1994) and King and Wolman (1999) 
may or may not disappear in an environment with imperfect credibility. The 
conclusion is that their appearances depends on the speed of learning relative to 
the speed of disinflation. 
However, in order to be able to provide the results of the impact of imperfect 
credibility on the behaviour of output in this chapter, the output effect of each of the 
factors determining the learning process has been analysed. Compaxing the two typcs 
of non-linear learning under each of the expectation updating (4.3) and (4.4), the 
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way the private sector is learning at the beginning of the change in policy is essential. 
Disinflation under concave type of learning is more costly as agents adjust initially 
only slowly to the new announced path of the money supply. Moreover, under the 
convex path they avoid some of the more costly mistakes earlier in the disinflation 
in comparison to concave learning. Thus, regardless of the expectation updating, if 
the learning process is speeded up at the beginning of the disinflation process, then 
disinflation is achieved with minimal output loss. 
Furthermore, the output effects of the type of leaxning axe affected depending on 
the expectations updating. Under the second expectation updating these are reduced. 
The cost of disinflation encountered under concave learning under the second rule is 
diminished, since the initial expectational errors are much reduced. Under the second 
rule, the concave paths of output are extremely close to those of perfect foresight. In 
the light of these result, deflationary booms axe more likely to occur under (4.4) and, as 
before, concave updating tends to make these booms disappear. Under either concave 
or convex learning, and especially under the former, the policymakers can improve the 
output gain if they manage to make the private sector think that the inflation rate 
that will occur is that of the last period rather that of the beginning of the change in 
policy. If they can influence the private sector to believe that the inflation they will 
get at least equals that of the last period, then the output gain is improved. Any level 
of inflation the private sector thinks it is most likely to get other then at the moment 
of the change in policy is preferable with respect to the output gain. This conclusion 
can be seen as expanding on the third point of the conclusions of the previous section. 
This section argued that the expectation updating rule has a stronger influence on the 
behaviour of output than the type of learning involved. 
Regarding the length of the learning period over which perfect foresight is achieved, 
this is directly related to the length and severity of the recession and the cost of 
disinflation. This is valid under either concave or convex type of leaxning, regaxdless 
of the expectation updating and is of a larger magnitude under concave learning. Also 
it can be observed that for leaxning periods greater than 5 years and small inflation 
rates output registers a cyclical behaviour. Although the (negative) output effects of 
the public being reluctant to believe the government's announcement at the beginning 
of the regime change, are minimized under the second expectation updating, these are 
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propagated in the future, due to an overlapping effect. 
The level of trust the private sector has in the announcement of the monetary 
authority at the beginning of the change in policy is reflected in the disinflation process 
in terms of output loss, and the learning type can prevail over an initial low level of 
credibility. Even if there is absolute lack of credibility at the moment of the regime 
shift, if the policyrnakers are feeding the private's sector trust so their policy becomes 
credible, the disinflation can be realized with smaller output loss. Also the way the 
expectations can be influenced can make a change. Obviously, the shorter the learning 
process, the better. 
Results standing out from the investigation axe: 
1. First, imperfect credibility and price stickiness axe jointly neither necessary nor 
sufficient for monetary contraction to cause lengthy recessions, at least for the 
relatively modest initial levels of inflation under scrutiny here. In this sense these 
results conflict with Ball (1995). 
2. Second, in this model imperfect credibility need not be an overriding concern for 
policymakers initiating a period of disinflation; the disinflationary booms still 
appear. 
Central to both of these results is the size of the expectational errors early on in the 
regime shift relative to the degree of price stickiness. For a given level of imperfect cred- 
ibility, longer nominal contract length will generally imply shaxper recessions following 
a monetary contraction. Under convex updating these initial errors are relatively small 
while under concave updating they are considerably larger. 
Future research might investigate two issues. First, it would be interesting to 
know how large does the initial fall in output have to be before it is optimal for 
the policyruakers to renege on the announcement to attain price stability. This issue 
is accommodated by focusing on situations in which the initial rate of inflation was 
relatively modest. For countries with very high initial inflation rates, however, reneging 
might well be optimal, as figure 6-8 strongly suggests. A second issue concerns the 
interaction between monetary and fiscal policy. This issue is side-stepped altogether 
by ignoring distortionary taxation of real activity. As initial inflation rises, the public 
sector budget constraint is likely to play an increasing role in the welfare calculus. 
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Chapter 7 
Optimal Speed of Disinflation 
under Imperfect Credibility 
7.1 Introduction 
At the centre of this chapter lies the optimal speed of disinflation, a topic which, as 
presented in the literature review, so far has been discussed only by Ireland (1997). 
Nevertheless, in his model Ireland considers an economy under the case of perfect 
foresight. However, no work has been done so fax to determine the optimal speed of 
disinflation under the case of imperfect credibility. 
This research quantifies the impact of the temporary lack of credibility on the op- 
timal speed of disinflation and suggests that big inflations should be stopped quickly, 
in cases of both perfect and imperfect credibility, but for the case of imperfect credi- 
bility, the speed of disinflation of small inflations is decreased compared to the case of 
perfect foresight. It also suggests that once inflation has risen substantially, imperfect 
credibility makes sizeable output losses in the transition to price stability highly likely, 
even when the speed of disinflation is 'optimal'. 
The outline of this chapter is as follows: Section 7.2 describes the way the op- 
timal speed of disinflation has been calculated. Section 7.3 analyses the costs imposed 
by imperfect credibility on the optimal speed of disinflation and finally, in Section 7.4 
we enquire whether the speed of the Volcker disinflation was excessive or not. Section 
7.5 concludes. 
151 
7.2 Methodology 
In this section the way the optimal speed of disinflation has been calculated for both 
cases of perfect foresight (Ireland (1997)) and imperfect credibility is presented. The 
methodology is similar as the only difference consists in the conditions under which 
output and the labour supplied entering the utility function have been determined: 
perfect foresight or imperfect credibility. 
First the way the optimal speed of disinflation has been calculated by Ireland (1997) 
for the case of perfect foresight is presented. As seen in Chapter 3, in his model, Ireland 
employed the Ramsey utility criterion (3.1). In order to determine the optimal speed 
of disinflation, for every initial annual inflation rate between 1% and 250 %a series 
of Ramsey utilities is calculated while the disinflation is made over a period of time, 
ranging from T=1 (immediate disinflation) to T= 31 (more gradual), where T is 
the length of the period of disinflation measured in half yearly intervals. This gives 
the length and the severity of the monetary contraction, as given by (3.19). Thus, 
for a given initial annual inflation rate, the utility is calculated for each length of the 
disinflation period. From this range of lengths of periods of disinflation, the one for 
which the Ramsey utility attains the maximum value is selected as optimal. 
As can be seen from figure 7-1, Ireland (1997) finds that for a small initial annual 
inflation rate, disinflation is best done gradually: the optimal length of the period of 
disinflation is T= 31, corresponding to no less than 15 and half years. For higher 
inflations the length of the optimal period of time is reduced. 
The intuition behind this is clear when observing the behaviour of output under 
various lengths of the disinflation period. The inverse relation between the output loss 
(measured by the area delimited by output and found below the initial steady state) 
and the length of the period of disinflation when disinflating small inflations changes 
for the case of big inflations. 
For small initial annual rates of inflation 
If T=1, which corresponds to the case in which disinflation is realized in a im- 
mediate manner, the output loss is bigger then the area described by the evolution of 
output when the disinflation is done more gradually. From figure 6-4 it can be observed 
that for a 3% initial annual inflation rate, the more gradual the disinflation, the smaller 
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Figure 7-1: Optimal Speed of Disinflation under Perfect Credibility 
the output loss. 
For higher initial annual rates of inflation 
If for the previous instance there was an inverse relationship between the output 
loss and the length of the disinflation period, for the case of higher inflations, this 
-- relationship 
is changed. As seen from figure 7-2, there is a direct relation now between 
the length of the period of disinflation and the output loss. Of course, the utility 
calculation considers not only the output, but also the cost of the labour supplied. 
This does not affect the results, as the labour is proportionally altered with the price, 
related linearly to output. Therefore, it can be concluded that it is optimal to end 
small inflations gradually and big inflations more quickly. 
For the calculation of the optimal speed of disinflation under the case of imperfect 
credibility the same method is employed as in the case of perfect foresight, only that 
now, the two variables entering the Ramsey Utility function (the output and the labour 
supplied) are altered to include the effects of the learning process during a temporary 
period of imperfect credibility, as discussed in Chapter 4. 
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7.3 The Effect of Imperfect Credibility on the 
Optimal Speed of Disinflation 
Ireland (1997) found the relationship between the initial annual inflation rate and the 
length of disinflation when disinflation is realized with minimized loss of welfare under 
perfect foresight. In this section there is an attempt to determine how this relationship 
is going to be altered under the case of imperfect credibility and to identify which of 
the factors determining the learning process influence this relationship and how. Given 
the extra cost imposed by imperfect credibility, the question that axises is what is the 
extent of the quantitative impact on the optimal speed of disinflation. 
While undertaking this exercise, the evolution of the optimal speed of disinflation 
under the two types of updating expectations (4.3) and (4.4), have been looked at. 
Each is observed under the two types of leaxning discussed: concave and convex. If in 
updating their expectations agents believe that the next period's inflations will equal 
the previous period's, the optimal speed of disinflation is the same under imperfect 
credibility as in perfect foresight. However, the costs imposed by imperfect credibility 
affect the optimal speed of disinflation if in their expectation updating agents perceive 
the authorities as reverting to the previous steady state inflation. Moreover, the size of 
the expectational errors early on in the regime shift relative to the degree of stickiness 
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also matters, as the optimal speed of disinflation under convex learning is closer to the 
case of perfect foresight than under concave learning. 
The effect the length of the learning period and the impact the initial level of lack 
of credibility may have on the optimal speed of disinflation have also been analysed. 
The conclusion is that both affect the optimal speed of disinflation but only for small 
initial annual inflation rates like 2% and 3%. If the learning process takes longer than 
one year (from 3 to 4 years), the optimal speed of disinflation is decreased only when 
disinflating a 2% annual inflation rate, under the assumption that the learning process 
of the private sector starts from absolute lack of credibility. If there is a lower level of 
the lack of credibility (half measure) the speed of disinflation is increased compared to 
the case in which there is absolute lack of credibility for the annual inflation rates of 
2% -3%, for the case in which learning takes 3 years. 
7.3.1 The Effect of the Expectation Updating on the Optimal 
Speed of Disinflation 
By calculating the optimal speed of disinflation under both expectation updating (4.3) 
and (4.4), it occurs that this is not affected by the costs imposed by imperfect credibility 
if the agents expect the disinflation policy to stall, in other words if they expect an 
inflation rate equal to that of the previous period. Indeed, under the second rule, the 
expected money supply is closer to that announced by the monetary authority and as 
expected, the path of output is much closer to that achieved under the case of perfect 
credibility. Therefore, the costs imposed by imperfect credibility arc insignificant on 
this occasion and as a result, the optimal speed of disinflation is identical to that 
achieved under the case of perfect foresight. 
However, this is no longer the case if the expectation updating rule employed car 
tures the case in which agents perceive the inflation rate as being that of the previous 
steady state. Under the first expectation updating rule, the costs imposed by imperfect 
credibility affect the optimal speed of disinflation and this happens for both types of 
learning: concave and convex. Therefore, in the rest of this chapter, will only be pre- 
sented the analysis of the costs imposed by imperfect credibility on the optimal speed 
of disinflation calculated under the first expectation updating rule (4.4). 
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7.3.2 The Effect of the Learning Type on the Optimal Speed 
of Disinflation 
When analysing the influence of the learning type on the optimal speed of disinfla, 
tion, the optimal speed of disinflation is calculated assuming that the private sector is 
learning from absolute lack of credibility over a period of 3 years to arrive at perfect 
foresight. The size of the expectational errors early on in the regime shift relative to the 
degree of stickiness matters, as the optimal speed of disinflation under convex learning 
is closer to the case of perfect foresight in compaxison with concave learning. As the 
initial inflation rate rises, the contraction in output in the early periods of tile disin- 
flation is more pronounced, increasingly offsetting the utility gain from the subsequent 
boom and therefore the optimal speed of disinflation rises. Under imperfect credibility, 
the initial contraction in output is more severe for any initial inflation rate than in the 
case of perfect foresight. F'urthermore, the utility gain from tile disinflationary boom is 
absent. It appears that up until an initial rate of around 12% a more gradual period of 
disinflation is optimal. The optimal speed of disinflation is the same as under perfect 
foresight for initial inflation rates greater than 12%. 
Therefore, under perfect foresight, gradual disinflations axe primarily about reaping 
the utility from output gains following an initial contraction in activity, while under 
imperfect credibility, they are primarily aimed at avoiding over-sharp contractions in 
activity in the early period of the disinflation. In this sense, the optimal speed of 
disinflation is crucially different between perfect foresight and imperfect credibility. 
Consequently, the optimal speed of disinflation under both types of non-linear learning 
will be further presented. 
For the case of concave learning, figure 7-3 reveals that a good 'rule-of-thuinb' 
is that disinflation from initial rates between 2% -11% should take an extra year, 
compared with the case of perfect foresight. For inflation rates above 12% and lem 
than or equal to 1%, the optimal speed of disinflation is indistinguishable from that 
of perfect foresight. The key reason that gradual disinflations are attractive is that, 
with some price stickiness and perfect foresight, they often imply prolonged periods of 
above trend output and consumption. 
On the other hand, for the case of convex learning, as presented in figure 7-4, 
the optimal speed of disinflation is closer to the case of perfect foresight in comparison 
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with concave learning. This is due to the size of the expectational errors early on the 
regime shift relative to the degree of stickiness. Disinflation should be more gradual 
for inflation rates between 3% and 11% as in this case the optimal speed of disinflation 
takes one yeax longer. For annual inflation rates of 1% -2% and thereafter 12%, the 
optimal speed of disinflation is identical to that of the case of perfect foresight. For the 
annual inflation rates of 3%, 67o-11% and 4Yo-5%, the speed of disinflation decreases 
by half a year and one yeax respectively. 
The difference between concave and convex learning is seen only for the annual 
inflation rates of 2% and 3%, as under concave learning the optimal speed of disinflation 
is further decreased in comparison with convex learning. The way the agents are 
learning at the beginning of the change in policy affects the optimal speed of disinflation 
for small annual inflation rates of 2%-3%. For annual inflation rates of 1% and 4% 
onwards the costs imposed by imperfect credibility have the same effect on the optimal 
speed of disinflation regardless of the type of learning. 
7.3.3 The Effect of the Length of the Learning Period on the 
Optimal Speed of Disinflation 
To analyse the impact of the length of time over which learning takes place on tile 
optimal speed of disinflation, it is assumed that the private sector starts the lei)rning 
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process from absolute lack of credibility and achieves perfect credibility in 3 and 4 
years. It is also assumed that there is concave learning. As expected, if tile length of 
the learning period over which perfect foresight is achieved is longer, tile optimal speed 
of disinflation will be slower, but this happens only for the case in which the initial 
annual inflation rate is 2%. In this case it takes half a yeax longer for the disinflation to 
take place 'optimally', as seen in figure 7-5. For all the other annual inflation rates, the 
optimal speed of disinflation is identical to the case in which learning takes place over 
3 years. In this case, an increase of only one year in the time over which the private 
sector learns does not affect the speed of the optimal disinflation except for the 2% 
annual inflation rate. However, a longer leaxning period may have a stronger effect. 
7.3.4 The Effect of the Initial Level of Lack of Credibility oil 
the Optimal Speed of Disinflation 
To analyse the effect of the initial level of lack of credibility on the optimal speed of 
disinflation it is assumed that the private sector starts the learning process first, from 
absolute lack of credibility and then from a measure of half level of lack of credibility. 
It is assumed that they attain perfect credibility over a period of 3 years and that there 
is concave learning. 
It is expected that the optimal speed of disinflation will be faster if the initial level 
158 
1234567091011121314151417181920 
Annual Inflation Rate 
OSD - perfect credibility -OSD-Im __ 
cr MýCqnveýLesSing 
35 
30 
25 
20 
,S 
10 
61 
0 
1234$e7"0 10 11 12 U 14 16 1e I? N +0 20 
Annual Inflation Rate 
perfed credibility 
N-6 
Figure 7-5: The Effect of the Length of Learning Period on the Optimal Speed of 
Disinflation. Concave Learning. 
of lack of credibility is smaller compared to the case in which there is an absolute lack 
of credibility. For the framework chosen to conduct the analysis, a lower initial level 
of the lack of credibility increases the speed of the disinflation for the annual inflation 
rates of 2% and 3% with one and half a year respectively, as seen in figure 7-6. For 
all the other annual inflation rates, the optimal speed of disinflation is identical to the 
case in which there is initial absolute lack of credibility. Overall, calculated for the 
case in which the initial level of the lack of credibility is half, the optimal speed of 
disinflation is closer to that achieved under perfect foresight. For the framework in 
which this analysis is conducted, the optimal speed of disinflation is not much affected 
by the decrease in the initial level of the lack of credibility except for the small annual 
inflations of 2%-3%. 
This can be explained by the fact that this area of small inflations is more sensi- 
tive to changes and also more responsive to changes in the initial level of the lack of 
credibility and the length of the period over which learning takes place. The scale of 
the graduality of the money supply contraction is not much affected by the length over 
which disinflation takes place, and so a change in the learning period over which perfect 
foresight is achieved or the initial level of the lack of credibility affccts the behaviour of 
output during disinflation thus making a change to the optimal speed of disitiflation. 
It can be observed that small inflations are more demanding as they are more difficult 
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to bring to a halt in the 'optimal' period of time corresponding to perfect foresight. As 
seen, they can easily be affected by any of the factors determining the learning process, 
making the new optimal period of disinflation under imperfect credibility longer. 
7.4 The Volcker Disin ation and the Optimal Speed 
of Disinflation 
In this section an attempt is made to come up with what might be an empirically 
plausible version of the learning rules adopted in Chapter 4. This is done by using the 
experience of the US in the early 1980s. 
Between late 1979 and 1985 inflation in the US fell from 10% to 4%, and has suL- 
sequently fallen further. As the measures of the output gap from this period indicate, 
this reduction in the inflation rate was not inexpensive. This work raises the question 
whether the Volcker disinflation may have been too rapid. To answer this, it has been 
assumed that the initial steady state inflation was 10% (axound the highest level that 
A actual US inflation reached before coming down), and that Volcker intended to re uce 
inflation to 2% (close to the average inflation rate since 1984). 
The currency component of M1 is used as the path for the money stock during the 
disinflation, from 1979 until 1984. Given this path and assuming perfect foresight, the 
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flexible price level of output of the model. A learning process is backed out so that the 
output gap in the model tracks the actual US output gap. Given the implied learning 
process, the optimal speed of disinflation is subsequently calculated. 
In order to generate such a shaxp contraction in output like that of the US output 
gap measured by the OECD, a rather extreme form of concave learning had to be 
adopted. It was assumed that for almost the whole course of the disinflation (5 years), 
agents do not believe the 'announced' money supply growth rates and then in the 
course of year six, they believe completely the announced path. Even under this 
extreme form of concave learning, the sharpness of the contraction indicated in the 
OECD data cannot quite be generated; although both measures of the output gap 
bottom out in 1982, the model output gap at the trough is 1% less than the OECD 
estimate. 
The optimal speed of disinflation from an initial rate of inflation of 10% to 2% 
under perfect foresight is three and half years. In contrast, the optimal speed under 
the learning process implied above is seven years. The calculations suggest that even 
had the disinflation taken longer than it actually did the output losses would have been 
only marginally lower. 
Clearly one needs to be cautious in an exercise such as this, as real world data are 
effectively squeezed into a highly simplified framework, but these results are indica- 
tive. It appears that once inflation has risen substantially, imperfect credibility makes 
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sizeable output losses in the transition to price stability highly likely, even when the 
speed of disinflation is 'optimal'. In a related analysis Erceg and Levin (2003) come to 
a similar conclusion. They examine the Volcker disinflation under the assumption that 
agents use optimal filtering to disentangle persistent changes in the inflation target 
from temporary shocks to the monetary policy rule. Unlike the current set up, in their 
model the steady state is unchanged throughout this period. However, leaving aside 
this important difference (it may be important for the sorts of reasons discussed in 
Albanesi, Chari and Christiano, (2003)), they also find that sizeable output losses may 
be the price of imperfect credibility. 
7.5 Conclusions 
This research suggests that big inflations should be stopped quickly, under both perfect 
and imperfect credibility. However, in the case of imperfect credibility, the speed of 
disinflation of small inflations is decreased compared to the case of perfect foresight. 
It turns out that a more gradual period of disinflation is optimal up until an initial 
rate of axound 12%. For initial inflation rates greater than 12% the optimal speed of 
. 
disinflation is the same as under perfect foresight. 
The optimal speed of disinflation is not really affected by the costs imposed by 
imperfect credibility if the agents expect the disinflation policy to stall, while this is 
no longer valid if they expect the inflation rate to be that of the previous steady state. 
In this later case, the optimal speed of disinflation is changed for both concave and 
convex types of learning. 
However, the optimal speed of disinflation under concave learning differs from that 
under convex learning only for the annual inflation rates of 2% and 3%. The difference 
is that under concave learning the optimal speed of disinflation is further decreased in 
comparison with convex leaxning. For annual inflation rates of 1% and 4% onwards, 
regardless of the type of learning, the costs imposed by imperfect credibility have the 
same effect on the optimal speed of disinflation. 
Nevertheless, the type of learning is not the only one that decreases the optimal 
speed of disinflation. This is decreased for the small annual inflations of 2%-3% also 
by an (one year) increase in the length of the learning process and by the initial level 
of lack of credibility, while it stays the same for any other initial rates of inflations. 
162 
This research also suggests that once inflation has risen substantially, even when 
the speed of disinflation is 'optimal', imperfect credibility makes Sizeable output losses 
in the transition to price stability highly likely. 
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Chapter 8 
Conclusions 
The main research contribution of this thesis is the investigation of the impact of 
a temporary lack of credibility in a transition to price stability. The analysis takes 
place in a New-Keynesian model with sticky prices. The supply-side of the economy is 
characterized by monopolistically competitive firms and there is rigidity in the setting 
of prices. The effects of a disinflationary monetary policy axe studied when policy 
makers are committed to price stability. Moreover, I propose a new and more flexible 
way of modelling the evolution of agent's priors. 
My thesis addresses the impact of imperfect credibility on- 
(1) The effects of a period of disinflation on temporaxy output losses and; 
(2) The optimal speed of disinflation. 
Regarding (1): 
(a) Under imperfect credibility, the path of output to its new steady state differs 
from the path under perfect foresight. The impact of imperfect credibility is to make 
disinflation more costly. In the periods following a contraction in the money stock, 
real output is likely to fall below its long-run equilibrium level. The fall is even bigger 
under the impact of imperfect credibility, making the disinflation more costly in terms 
of output losses. This cost seems likely to be more pronounced under concave updating 
,- as agents adjust initially only slowly to the announced new path for the money supply. 
(b) The 'disinflationaxy boom' found by Ball (1994) and King and NVolman (1999) 
may or may not disappear in an environment with imperfect credibility. The 'disinfla- 
tionary boom' depends on the speed of learning relative to the speed of disinflation. 
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In the light of these two central results, I conclude: (i) Imperfect credibility and 
price stickiness axe jointly neither necessary nor sufficient for monetary contraction 
to cause lengthy recessions, at least for the relatively modest initial levels of inflation 
generally under scrutiny here. In this sense these results conflict with Ball (1994). (ii) 
In this model imperfect credibility need not be an overriding concern for policymakers 
initiating a period of disinflation; the disinflationary booms still appear. 
Regarding (2): 
(a) In both cases of perfect and imperfect credibility big inflations should be stopped 
rapidly. 
(b) In the case of imperfect credibility, for small inflations, the speed of disinflation 
decreases in compaxison to the case of perfect foresight. 
(c) Examining whether the speed of the Volcker disinflation was excessive or not, 
this research also suggests that once inflation has risen substantially, even when the 
speed of disinflation is 'optimal', imperfect credibility makes sizeable output losses in 
the transition to price stability highly likely. 
Future research based on my thesis may address the following three issues: 
e First, how large does the initial fall in output have to be before it is optimal 
for the policymakers to renege on the announcement to attain price stability. 
We accommodate this issue by focusing on situations where the initial rate of 
inflation was relatively modest. For countries with very high initial inflation 
rates, however, reneging might well be optimal, as figure 6-8 strongly suggests. 
A second issue concerns the interaction between monetaxy and fiscal policy. This 
issue is side-stepped altogether in this reseaxch by ignoring distortionary taxation 
of real activity. Again, so long as initial inflation, and hence seigniorage, is 
relatively modest the fiscal implications of disinflation axe probably limited. As 
initial inflation rises, the public sector budget constraint is likely to play an 
increasing role in the welfare calculus. 
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A final issue concerns how quickly agents actually take to learn about regime 
shifts. In this paper was picked what thought to be sensible scenarios. In truth, 
relatively little about such issues is known, although in Chapter 7, Section 4a 
tentative first step in this direction is made. Given its importance to this result, 
this is an important topic for future research. 
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